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1. Introduction 
 
As one of the poorest countries in the world, until nowadays Ethiopia is still heavily 
dependent on traditional fuels (e.g. fuelwood, charcoal, crop residues, dung etc.) for 
domestic energy consumption, especially for cooking. Even in urban areas, cost for 
electricity and butane gas is unaffordable for many households (Kebede 2002). In 
rural areas, most households are using woodfuels (fuelwood and charcoal) excessively 
and will turn to more inferior fuels (such as crop residues and dung) when lack of 
woodfuels happens.  
 
It is generally accepted that consumption of traditional fuels will bring negative 
environmental, economic and health impacts. Increased use of fuelwood and charcoal 
leads to deforestation and forest degradation, erosion, loss of biodiversity and other 
environmental problems (Cooke 2008). In addition, use of crop residues and animal 
dung when lacking woodfuels deprives the land of essential nutrients, resulting in loss 
of soil fertility and agricultural output (Gebreegziabher 2007). Furthermore, smoke 
from the use of traditional fuels causes indoor air pollution which is damaging to 
human health, particularly respiratory systems (Duflo 2008).  
 
The imbalance between yield and extraction of wood has caused severe deforestation 
which further leads to fuelwood scarcity in a global scale (Arnold et al. 2003). In 
Ethiopia, the depletion of tree stock together with the widespread poverty results in 
the household energy crisis that seriously challenges the already staggering living 
condition (Mekonnen 1999).  
 
In response to this, interventions at different levels are launched, trying to solve the 
fuelwood scarcity by switching to modern fuels, raising energy efficiency by adoption 
of modern stoves, increasing woodfuel production and creating extra woodfuel 
 2 
 
resources (Arnold et al. 2003). However, by late 1980s, researchers have realized that 
the “gap model” describing the discrepancy between fuelwood yield and demand was 
overestimated and simplified. Therefore, further studies proceed to investigate 
households’ responses to fuelwood scarcity. 
 
Urban households, with higher income and more access to modern fuels, are more 
likely to switch to alternative fuels other than traditional ones. Energy transition in 
many parts of Asia is taking place markedly (Whiteman 2002, Barnes 2005). The 
demand for woodfuel in urban Ethiopia is also predicted to decline, although the 
woodfuel-reliant population is still slowly growing (Mekonnen 2000). Comparably, 
rural poor are facing a more severe situation. For them, switching to lower-quality 
wood, economizing on wood use, increasing collection with more collectors and 
longer collection time are the main results (Brouwer et al. 1997, Cooke 1998).  
 
In order to examine households’ choices on fuelwood sources and factors that 
influencing their choices, more econometric studies are introduced. In Malawi, 
households’ choices of collection sources of fuelwood are examined and it is found 
that substitution between customary forests and forest reserves is evident but 
limitation exists between plantation forest and forest reserves (Jumbe and Angelsen 
2011).  
 
In our study, households from three Peasant Associations in Wondo Genet Woreda, 
southern Ethiopia are selected to study their choices for fuelwood sources and factors 
related to their decisions. The probability of different fuelwood sources being chosen 
and marginal effects of different factors are of particular research interest. In addition, 
some descriptive statistics of the woodfuel consumption situation and relevant 
influences on residents’ livelihood are also presented.  
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2. Aims of the Study and Research Questions 
 
Wondo Genet area is a place with abundant natural resources including forests. Now 
under the influences of adjacent metropolitan region, it is experiencing a peri-urban 
transition. The local economy is developing fast while conservation of natural 
resources is also of great concerns. Therefore, the balance between economy and 
ecology is extremely important for local sustainable forest management. The aim of 
this study focuses on domestic energy consumption and factors affecting households’ 
choices in three Peasant Associations in Wondo Genet, where a mixture of traditional 
biomass fuels and modern fuels, different sources of fuelwood, urban pattern and rural 
pattern is present.  
 
The main research questions of this study are as following: 
1. What is the domestic energy consumption pattern (especially for home 
cooking) in Wondo Genet area? 
2. Do households from different Peasant Associations (Wosha, Kela, and Basha) 
show different preference among fuelwood sources? 
3. What are the probabilities for households to choose from each fuelwood 
source? 
4. What factors affect households’ choices for fuelwood sources when they make 
their decisions? 
5. How does woodfuel consumption influence households’ livelihood? 
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3. Literature Review 
 
In industrialized countries, traditional biomass fuels, or particular woodfuels 
(fuelwood and charcoal), have long been replaced by more efficient and convenient 
sources of fuels. Nevertheless, even nowadays in many developing regions, especially 
sub-Saharan Africa, due to the poor affordability and accessibility of alternative 
sources, over 80 percent households are still heavily reliant on traditional fuels, 
primarily fuelwood, charcoal, dung and crop residues, to meet their energy needs 
(IEA 2010), mostly for cooking and heating (Scholes and Biggs 2004). As a critical 
factor, widespread poverty in many rural areas of developing countries, contributes to 
the continued dependency on biomass energy sources and persistence of traditional 
and inefficient ways to use them (Mekonnen 2012). With no requirement for complex, 
expensive equipment, wood has remained a dominant fuel and preferred form of 
domestic energy by people from undeveloped parts of the world (Arnold et al. 2003).  
 
Being one of the poorest countries in the world, Ethiopia’s experience is not an 
exception, where 96 percent of the population is dependent on biomass energy 
sources for cooking and other energy demands (Mekonnen 2012). According to data 
from the Woody Biomass Inventory and Strategy Planning Project (WBISPP 2004), 
fuelwood accounts for around 78 percent of the total energy demand, while animal 
dung and crop residue account for 12 percent and 9 percent, respectively. Moreover, 
99.9 percent of the total rural population uses energy that is derived from biomass 
fuels (Gebreegziabher 2007).  
 
For these developing regions, such a high dependence on biomass resources for 
domestic energy consumption is regarded to have a detrimental influence on the 
availability of forest resources (Mekonnen 1998). This is because among all the 
consumed biomass fuels, most of them are woodfuels that must be collected from 
woody land normally in common areas (natural forest for instance). As early as 1980’s, 
 5 
 
(World Bank, 1984) has claimed fuelwood gathering as one of the major contributory 
factors to deforestation, resulting in about 10 million hectares of forest each year in 
the developing world.  
 
Worse more, serious indoor air pollution is caused by the combustion of biomass fuel 
in traditional stoves with inadequate ventilation within households (Heltberg 2005). 
According to World Health Organization (WHO 2003), indoor air pollution is a major 
cause of death and disease which leads to 2.7 percent of global losses of healthy life. 
It is thus ranked the world’s eighth largest health risk. When burnt, biomass fuels emit 
particulates and harmful gasses such as CO, TSP, NO2, and PAH that elevate levels of 
indoor exposure much higher than safety limits (Barnes 2005). The result is acute 
respiratory infections, chronic bronchitis, obstructive pulmonary disease, eye 
problems etc. (Smith 2002). Women, children, and the elderly are particularly exposed 
because they spend more time indoor and are more likely exposed to smoke when 
cooking. Even when smoke is vented through chimneys and windows, it contributes 
to outdoor air pollution, especially in densely populated areas (Heltberg 2005).  
 
Specifically in Ethiopia, 85 percent of the population is living in rural areas where 
houses are sub-standard with poor sanitation conditions (Kumie 2002). Under these 
conditions, indoor air pollution was responsible for over 50,000 deaths and nearly five 
percent of the national burden of disease through using biomass fuels (WHO 2007). 
Additionally, forest resources are being threatened. According to Food and 
Agriculture Organization of the United Nations (FAO), between 1990 and 2010, the 
country lost an average of 141,000 ha or 0.97 percent of its forest covers per year, 
which led to a total loss of 18.6 percent in forest cover or around 2,818,000 ha (FAO 
2010). Of course this is not solely caused by woodfuel consumption. It is found that 
on average, 39 percent of household income is generated from commercial use of 
forest resources (Mamo 2007). Still in 2007, the Ethiopian government established a 
forestry policy noting that fuelwood collection, along with land clearing for 
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agriculture, illegal settlement within forests, logging and illegal trade, has contributed 
to deforestation and forest degradation (Mekonnen 2012). Cognizant of these 
problems, in April 2007, the Council of Ministers approved the Forest Development, 
Conservation, and Utilization Policy and Strategy, which was the first forestry policy 
ever developed and passed by the Ethiopian government, showing policymakers’ 
interest and hope to alleviate or reverse the current situation.  
 
Focusing on fuelwood, due to the sharp decrease in global forest cover, since 
mid-1970s, concerns have been raised about the severe situation that people in 
undeveloped areas are facing, namely fuelwood scarcity. Following the rise in fossil 
fuel prices in 1973, fuelwood became an important issue, as it was the principal 
source of energy that households, especially rural ones, used to cook food and provide 
domestic heating. As (Eckholm 1975) characterized the fuelwood situation in his 
influential publication “The Other Energy Crisis: Fuelwood”: “For more than a third 
of the world’s people, the real energy crisis is a daily scramble to find the wood they 
need to cook dinner.” 
 
As a result of scarcity, it became increasingly difficult for many people and the rural 
poor in particular, to obtain sufficient supplies of fuelwood. Serious, negative 
socio-economic consequences were predicted for people and their livelihoods in these 
undeveloped areas, coming from expected future shortages. Several postulations were 
summarized (Arnold et al. 2003):  
 Since women and children are most likely the main fuelwood collectors in their 
families, the need to go further afield to gather enough supplies will increase their 
burden and further constrain the amount of time they have for other tasks and 
activities. 
 In absence of sufficient fuelwood, increasing amount of crop residues and animal 
dung are used as fuel substitutes, which reduces potential livestock feed as well as 
soil conditioner and fertilizer. 
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 Using such “inferior”, smokier fuels can damage eyes, lungs, respiratory system 
and cause other health problems. 
 Unavailability of fuels declines the amount of cooked food, resulting in adverse 
effects on nutrition and health. 
 The cost of purchasing fuels adds financial burden to these already poor 
households with scarce income. 
 
In co-occurrence of these negative social-economic impacts, the most direct 
implication of fuelwood scarcity was on forestry, forming a perception that it was a 
major factor leading to forest degradation and destruction. A two-way relationship 
between fuelwood collection and deforestation was identified (Heltberg 2000). While 
enormous demand for fuelwood from commons and forests generates collection 
exceeding sustainable yield, causing resource degradation; forest degradation, as a 
payback, leads to a consequence of fuelwood scarcity. This would definitely be true if 
fuelwood gathering is carried out in an unsustainable manner because massive 
removal of woody biomass would cause huge environmental damage. Nevertheless, 
due to lack of rigorous empirical studies on the determinants of fuelwood demand and 
the interaction between fuelwood collection and forest degradation in developing 
countries, the real influence that fuelwood collection has on forest degradation has 
raised fierce controversy.  
 
Early studies compared estimated fuelwood consumption and future demand with 
estimated annual growth rates from existing forest resources. The fuelwood “gap”, 
referring to the discrepancy between the amount of fuelwood actually being used and 
the amount that would be sustainably available from the forests, was formulated to 
describe such a phenomenon. It was assumed that this difference was only made up 
by overcutting and depletion of forests. Estimation was made that over half of the two 
billion people depending on fuelwood in the 1980s were overcutting forest resources 
to meet their energy demand and by 2000, more than two billion people would be 
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living in a condition of acute wood fuel shortages (De Montalembert and Clement 
1983). Furthermore, the annual shortfall estimated in fuelwood supplies by 2000 
could amount to 1000 million m
3
.  
 
As for Ethiopia, in 1984, fuelwood consumption was estimated at 20 million tons 
compared to annual yield of 8.1 million tons national wide, the consumption being 
around 2.5 times the annual yield (World Bank 1984). Ten years later, nationally 
annual fuelwood consumption and annual yield were estimated to be 35 million tons 
and 8.6 million tons, respectively by Ethiopian Forestry Action Plan (EFAP)
1
, the 
consumption being over 4 times the annual yield. Using a simplistic subtraction 
between fuelwood supply and consumption to represent the estimate of fuelwood 
deficit, “fuelwood gap” methodology was influential in energy planning and policy 
formulation during the 1970s and 1980s.  
 
Based upon such gap models, four main approaches were identified in order to deal 
with fuelwood shortages (Arnold et al. 2003): 
 Substitute other fuel alternatives, such as organic fuels and biogas, or modern 
fuels such as kerosene, Liquefied petroleum gas (LPG) and electricity. 
 Promote the adoption of modern stoves or the use of improved stoves to raise 
woodfuel burning efficiency. 
 Increase woodfuel production from existing resources, through better 
management of the resource and promote the use of charcoal rather than 
fuelwood where appropriate. 
 Create extra woodfuel resources such as plantations, farm forestry and woodlots 
outside forest. 
 
Consequently, many large-scale interventions were launched, aiming to increase the 
supply of biomass and at the same time to reduce the demand through substitution 
                                                             
1
 Cited from The Woody Biomass Project (2006).  
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from other forms of energy. For instance, a huge government initiative was 
established in South Korea in the 1970s, within which villagers were encouraged to 
create collective woodlots on their own lands to meet fuelwood needs. The underlying 
perception was that this would contribute to the stop of destructive use of hill forests 
so that downstream agricultural lands would be protected (Gregersen 1982). At an 
even larger scale, the Social Forestry Programme in India recommended people to be 
encouraged to grow trees on their village and farm lands and thereby reducing 
pressure on forests for fuelwood and other forest products (GOI 1976)
2
. 
 
However, both the assumptions of gap models and the relevant intervention efficiency 
had been heavily criticized by the late 1980s, when progress was falling under 
expectations almost everywhere. As the prerequisite of all following analysis, the 
reliability of the database used were casting doubt, leading to concerns on estimating 
the supply of and demand for fuelwood and the resultant “gap” between them (Arnold 
et al. 2003). Also, the outcome of intervention projects was unsatisfactory. Even in 
urban areas, where alternative fuels were available, shifts from traditional fuels to 
modern ones were not carried out on a very large scale. Cost constraints was the main 
difficulty people encountering when purchasing stoves that were used for new fuels. 
The unfamiliarity with the new cooking devices and alternative fuels also made 
people reluctant to change, which could further exacerbate into a problem of lack of 
reliability. These problems existed in rural areas as well and hindered the adoption of 
improved wood-burning stoves and biogas plants (Arnold et al. 2003).  
 
In addition, although most of the effort had been concentrated, establishing new 
fuelwood plantations was also proved to be short of expectation. In India, thousands 
of woodlots, which were established through Social Forestry programmes as new 
resources, were pointed out to have done little to augment fuelwood supply for rural 
                                                             
2
 A description of the programme can be found at 
http://www.odi.org.uk/sites/odi.org.uk/files/odi-assets/publications-opinion-files/984.pdf 
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users because under forest department supervision they were difficult for local 
communities to manage or control. Moreover, since plantations were most likely 
structured towards commercial rather than subsistence products, subsistence users 
were deprived of the supplies of fuelwood and other biomass products that the land 
had previously provided (Saxena 1997). It has been found that seldom would farmers 
grow trees for such a low value purpose as fuelwood (Dewees 1989). Even projects 
aimed at meeting fuelwood demands in growing urban markets encountered problems. 
This was because subsidized prices for other forms of energy forced fuelwood prices 
to be even too low to cover its production cost. Loss of competitiveness on price made 
such programmes unprofitable and undesired (Leach 1988).  
 
To explain the inaccuracy of gap models and unsatisfactory results of launched 
programmes, four major weaknesses were identified of the “fuelwood gap” 
methodology. Firstly, when gap theory was applied, the consumption and supply data 
supporting the analysis in these cases were very untenable. It was criticized that gap 
models seriously overestimated the future demand; while on the other hand, they 
seriously underestimated the supply situation (Foley 1987, Dewees 1989). 
Concentrating on stock and yield figures was misleading, as they argued, because in 
practice fuelwood actually came from woody plant resource other than forest, such as 
scrub, bush fallow and farm trees, as well as dead wood, pruning, lopping and other 
forms of harvesting rather than felling trees. Therefore, the actual shortages were not 
growing or emerging to the extent predicted in many situations. 
 
Secondly, the theory hastily assumed that deforestation was mostly or even entirely 
driven by fuelwood consumption. After careful assessment of actual supply patterns, 
it was found that when fuelwood came from the felling of trees, most often it 
happened on land being cleared for agriculture (Arnold et al. 2003). This indicates 
land clearance for agriculture, rather than rural fuelwood consumption, was the major 
cause for deforestation. While fuelwood demand did have a contribution to 
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deforestation and forest degradation, it was largely confined to pressures on the 
resource from concentrated urban and industrial demands.  
 
Thirdly, the location specific attribute of fuelwood problems was neglected when the 
gap theory was applied aggregately with few geographically targeted interventions. 
As a consequence, gap models and balancing approaches were proved to be invalid 
when they placed their focus on national or regional aggregates (Leach 1988).  
 
Fourthly, in fuelwood gap analysis, weak forecasting methodologies were usually 
used, assuming that there would be no response from households to a decreasing 
supply of fuelwood. By this it means although existing consumption and supply 
patterns were extrapolated, the various ways people actually adjusted to fuelwood 
scarcity were not recognized. Also, the changes in usage might attribute to constraints 
other than shortages of woodfuels. For example, under the circumstance of increase in 
out-migration to wage employment, the reduction in available labor to rural 
households could affect fuelwood use, which means labor shortage outweighed 
fuelwood shortage (Dewees 1989). 
 
As a result of the above drawbacks of gap models, during the 1990s, most of the 
fuelwood-oriented forestry programmes which were implemented in the 1970s and 
1980s were terminated or scaled down (Arnold 2006). Nevertheless, the debate on 
fuelwood collection and its potentially devastating effects on forest resources would 
not easily cease. It was pointed out that the gap from authorized sources for fuelwood 
was not likely to be bridged, while the rural poor would continue to degrade forests to 
obtain fuelwood (Natarajan 1996). The expected implications were massive 
deforestation followed by environmental problems. On the other hand, some 
researchers (Singh 1993, Benjaminsen 1998) argued that overgrazing and fodder 
extraction were the main reason for forest degradation while through regulation by 
local institutions the fuelwood resources would be used properly.  
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Let the debate alone, there is no doubt that the issue of fuelwood scarcity has come 
and will continue to affect people, especially those who are desperately poor in 
developing countries, on their everyday life. It has also become clear that the situation 
of fuelwood shortage is neither as grievous as predicted nor as simple as initially 
perceived. Admittedly, progress has been made in the understanding of the interaction 
between institutions, market forces, household decisions, and physical forest stocks. 
Yet in terms of fuelwood and its substitutes/ supplements, the policies affecting 
fuelwood availability and use, and households that consume it, much still remains 
speculative and further studies are needed (Cooke 2008). In particular, two main 
features of fuelwood issue, namely location specific and household adjustability, have 
shifted research interest towards household level, leading to an increasing number of 
economic analyses on household choice and response to fuelwood-related 
interventions.  
 
In developing world, fuelwood use in urban areas, though situation varies from city to 
city affected by location, income, market forces and other factors, is experiencing a 
broad process of transition from intensive use of wood in the beginning stage, to the 
final stage where LPG and electricity become the main fuels (Barnes 2005). Charcoal, 
with higher energy density per unit weight and convenience to be stored, is identified 
as the prior “transition” fuel that fuelwood users are most likely to switch towards. 
The price-friendly attribute of charcoal has made it very popular among households 
and it is likely that in urban regions, it will soon surpass fuelwood in terms of number 
of users and share of total consumed energy. Especially at low wealth accumulation 
level, households endowed with durable consumer assets such as refrigerators have a 
propensity to have higher intensity of per capita consumption of charcoal (Abebaw 
2007). However, limited by burning efficiency, charcoal is still recognized as an 
inferior form (woodfuel) of energy compared to cleaner modern fuels. Furthermore, 
traditional charcoal production relies on the traditional and rudimentary earth kiln 
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which is considered to be a major contributor to land degradation (Karekezi 2002). 
Thus, charcoal production at a sub-industrial level in developing countries is normally 
illegal and unregulated. 
 
Besides charcoal, other transition fuels include coal, kerosene, LPG and electricity. 
Accompanied with income growth and expansion of urbanization, the shift to other 
fuels has been fairly marked and even rapid sometimes. This trend is quite obvious in 
many parts of urban Asia where woodfuel consumption is only growing slowly, if at 
all. For example, in Indonesia, the widely and cheaply available kerosene has replaced 
wood as an urban fuel. Similarly, abundant hydropower and cheap appliances have 
even enabled people to turn directly to electricity recently in Vientiane, Laos (Barnes 
2005). In general, the aggregate consumption of fuelwood is declining (Whiteman 
2002). 
 
Whereas in urban areas of Africa, rapid population growth in urban areas together 
with persistently low urban incomes put the trend of woodfuel use in uncertainty. The 
demand for woodfuel was predicted to decline, sustain, and boom in Ethiopia, Niger 
and Tanzania respectively (Mekonnen 2000, Arnold et al. 2003). Nonetheless, given 
that persistence of some woodfuel use did occur even in some high income 
households, in large cities where modern fuels dominate, the transition away from 
traditional fuels would definitely happen accompanied with the economic 
development of any nation. It is a fact that even in very poor urban households, they 
are still using some modern fuels for purpose other than cooking or heating, such as 
kerosene or electricity for lighting (Arnold et al. 2003).  
 
By comparison, rural households, constrained by low income, poor infrastructure, and 
less access to alternative fuels etc., are facing a more direct and severe woodfuel 
shortage and their response can be quite different from those in urban areas (Arnold 
2006). According to the results of a National Sample Survey Organization (NSSO) in 
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India in 1993-1994, common pool resources (CPRs) are accessed by the majority of 
households to collect fuelwood for free (Chopra 2008). This also holds true for most 
rural households from other undeveloped areas where collection at household level is 
the main pattern for fuelwood consumption, although market sources are also 
available in most cases.  
 
Confronting with fuelwood scarcity, meaning increasing difficulty during fuelwood 
collection, rural households will react in many ways to adjust to the situation. Under 
this circumstance, households will first change their way of using fuelwood. 
Switching to lower-quality wood and economizing on wood use are the main results 
(Brouwer et al. 1997). Additionally, they will respond in their fuelwood collection. 
Increasing the number of collectors (Brouwer et al. 1997) and the amount of time 
spent on collection (Cooke 1998) are observed even as households avoid reducing 
agricultural labor input. However, due to the location specific attribute of this issue, 
contradictory results are also found that some households do not spend more time 
searching for fuelwood when biomass availability from common areas decreases 
while they are more likely to use privately produced fuel and will avoid using dung as 
fuel at times of the year when it is useful as fertilizer (van 't Veld 2006). Fuelwood 
collection may sometimes be a by-product of other activities such as land clearance 
for agriculture (Clarke 1989). Also, the cross-price evidence (substitution or 
complementation) is noted between fuelwood and dung, and fuelwood and crop 
residues (Cooke 2008). Furthermore, it has become more and more often for fuelwood 
to be traded in the markets even in rural region although the markets are not 
well-functioning and the influence was unknown.  
 
Back to Ethiopia. It is stated in World Bank: “The most important issue in the future 
of Ethiopia is the supply of fuels, the related massive deforestation, and the resultant 
and insidious depletion of agricultural resources on which so much economic activity 
depends (World Bank 1984).” With the tremendous reliance on biomass fuels, energy 
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transition and improvement on burning efficiency are the two main ways identified by 
Ethiopian government (Gebreegziabher 2007). Electricity is the preferred form of 
energy in the former way and stove technologies is envisaged in the latter. In 
particular, of the various end uses of fuel consumed, injera baking is the major 
consumer and accounts for over 50 percent of the total household fuel consumption 
(Gebreegziabher 2004). Therefore, how to improve energy efficiency in this pattern is 
of great importance.  
 
In urban centers, growing fuelwood scarcity and higher woodfuel prices are resulted 
from deforestation, where long dependence on rural hinterlands has been perceived 
(Gebreegziabher 2004). Even for urban population, traditional biomass fuels are still 
the sole or at least dominant sources of fuels for the majority (Gebreegziabher 2007). 
With respect to a transition to an energy system dominated by modern fuels, Ethiopian 
urban households are at a very low level. It is found that electricity cost is too high to 
be affordable for urban poor households and even non-poor households increase their 
demand for woodfuels when their income increases (Kebede 2002). 
 
As for rural areas, facing fuelwood scarcity, households make various responses. As a 
direct result, reduced agricultural output is observed because of reallocation of labor 
(Amacher 2004b) and use of dung and/or crop residues as fuel rather than as fertilizer 
(Mekonnen 1999). It is noted that there was no significant influence on women’s 
collection time while a 10 percent increase on children’s collection time was observed 
(Amacher 2004b). Also, some households are found not use less dung when trees are 
more available, which is most likely because the particular burning qualities of dung 
that made it well suited to be combined with fuelwood in cooking injera (Mekonnen 
1999). In addition, agro-forestry practices have remained at very unsatisfactory levels 
(Gamtessa 2003). Decision to plant trees (most often eucalyptus) on own farmland is 
significantly positively affected by distance to main fuelwood collection area 
(Amacher 2004a). To increase energy efficiency, use of improved stoves significantly 
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reduces fuelwood collection (Amacher 2004a) and promotion of economic growth 
increase households’ propensity to switch to other fuels (Mekonnen 1998). 
 
Aiming to examine households’ choices on fuelwood sources and factors that 
influencing their choices, an increasing number of studies using econometric models 
is carried out recently. In case of Malawi, given the fact that most households in the 
study area are still relying highly on collection as their fuelwood source and 
differences mainly exist in various collection sites, households’ choices on fuelwood 
collection sources from forest reserves (natural forest), customary forest, and 
plantation forest are investigated (Jumbe and Angelsen 2011). Using collection 
restriction, area of fuelwood source, and availability of preferred species as 
alternative-specific variables, together with household-specific variables, they 
established a multinomial probit model to estimate probabilities of collection from 
different fuelwood sources and predict the marginal effect of each factor. A high 
correlation between attributes of sources (e.g. source area, tree species and distance to 
forests) and households’ choices is identified. Among these three types of sources, 
substitution is evident between customary forests and forest reserves, and between 
customary forests and plantation forests, but is limited between plantation forests and 
forest reserves. However, this study has not examined the role of private trees or 
market fuelwood. A Vietnamese study finds strong substitution between open access 
forests and plantation forests (Linde-Rahr 2003). Similarly, a study in Ethiopia 
explores households’ choice of fuelwood source among private forest, community 
forest, market, open access forest and numerous sources (Koc 2011, Beyene 2013a). 
But this time their emphasis is on the influences of land tenure security and 
community forestry management institutions on households’ choices. They find that 
community forestry use is increased under stronger institutions but the propensity of 
fuelwood collection from open access forests also increases. On the other hand, land 
certification reduces collection probabilities in open access forests and increases 
probabilities of multiple sources for fuelwood.  
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It has been generally agreed when households are facing multiple fuelwood sources, 
their choice is affected by numerous determinants including demographic factors and 
attributes of source alternatives (Dovie 2004). Seasonality of fuelwood use, household 
labor time, various livelihood sources including cash incomes, and the perceptions of 
households about fuelwood are all taking effects. In addition, land tenure, local 
management institutions, use of agroforestry, energy subsidies and other extrinsic 
factors should be considered as well (Dovie 2004, Koc 2011). Therefore, the total 
livelihood of households needs to be understood as a system of decision making.  
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4. Material and methods 
 
4.1 Study area 
 
The study area Wondo Genet lies at 7°10ʹ N to 7°50ʹ N latitude and 38°36ʹE to 
38°38ʹE longitude, located in the area of the Hawassa watershed in the East African 
rift zone, which is 260 km south of Addis Ababa. The Wondo Genet topography is 
featured by rolling upland at 1700-2600 m.a.s.l with one third of the land over 2200 
m.a.s.l and the major part of the area is steeply (>30%) sloped (Dessie 2007). There 
are three major land uses, namely forests, pastures and cultivated lands. The higher 
altitudes and steep slopes support natural forests and by comparison, in lower 
altitudes and gentle terrain, farmland is the main land use where a significant number 
of diverse natural on-farm trees grow (Dessie 2007). For the climate at Wondo Genet, 
two rainy seasons are characterized: a long one from July to September and a short 
one from February to April, leading to the annual rainfall be at 1244 mm and the 
mean annual temperature be 19 ºC (Anon 1982 Ethiopia). With six major ethnic 
groups residing in this region, Wondo Genet is characterized as one of the most 
densely populated areas in Ethiopia. Due to the agriculture fertile environment, 
farming has become the main source of livelihood for habitants and irrigation farming 
dominates in the flat and undulating areas. Smallholder (holdings on average less than 
half a hectare) perennial crop farming is the dominant type of agriculture and the 
major crops include ensete, khat, and sugarcane (Dessie 2007). 
 
The forest in Wondo Genet is recognized as upland rain forest (Friis 1986) or 
Afromontane rain forest (Friis 1992) as more recent terminology. In the higher 
altitude natural forests, some characteristic tree species are Celtis africana, Cordia 
africana, Croton macrostachys, Albizia gumifera, Podocarpus gracilor, Milletia sp. 
and Phoenix sp. etc. Besides, plantation forests have been established and are mainly 
consist of Eucalyptus spp., Pinus patula, Grevillea robusta and Juniperus procera 
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(Eshetu and Högberg 2000). Deforestation and forest degradation has become a major 
concern in Wondo Genet since forest area has decreased substantially from 16 percent 
of land cover in 1972 to 2.8 percent in 2000. Small-scale permanent agriculture is the 
major cause of deforestation, together with commercial logging and commercial 
agriculture also contributing to this loss (Dessie 2008).   
 
Related to the changes in forest cover is the gradual emergence of the region being the 
core center in south central Ethiopia, especially around the city of Hawassa. Hawassa 
is a neighboring metropolitan district about 30 km to the south of Wondo Genet. It is 
the capital of the Southern Nations, Nationalities, and Peoples Region and is a special 
zone of this region, which influences Wondo Genet greatly in economy. The city has 
been under fast development and especially the population is booming. According to 
the Central Statistical Agency of Ethiopia, the population in Hawassa was 157879 in 
2007 while this figure was only 69169 in 1994. Therefore, under such an influence, 
Wondo Genet is experiencing a pre-urban transition period and the selected three 
adjacent peasant associations (PA), Wosha, Kela, and Basha are representative. These 
three PAs are of particular interest because among them, habitants’ behaviors, 
including choices of fuels and fuel sources, vary significantly due to the difference in 
availability of natural resource and variance in economic status.  
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Figure 4.1 The study area: Wondo Genet area and Wosha, Kela, Basha in Hawassa 
watershed in south-central Ethiopia 
 
As Figure 4.1 shows, the black line represents the main road of this area, along which 
the selected three PAs of Wosha, Kela, and Basha are situated. City of Hawassa is 
located to the south of Basha, while natural forest and plantation forest are mainly 
centralized in the north-east part and are more close to Wosha and Kela. Ranked 
according to economic status, under the influence of both megacity and forests, the 
three PAs can be placed in the decreasing order of Basha, Kela and Wosha.  
 
4.2 Sampling Method 
 
To study the effect of woodfuels on people’s livelihood, data was collected through 
field work from June to August 2012. The survey employed representative sampling 
methods and the main target population for the study were households from Wosha, 
Kela and Basha, the three selected PAs in Wondo Genet. Besides, a small number of 
fuelwood collectors and woodfuel sellers were interviewed to provide information 
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from different angles as supplements. Finally, key informants from government were 
interviewed regarding questions on policies and regulation. During the whole process 
of field work, an interpreter was accompanied to assist the implementation of the 
survey and at the same time acted as a local guide.  
 
Before the formal sampling, a pilot test containing interviews of three households 
(stratified according to their economic status as poor, medium and rich household) 
and one fuelwood seller was carried out in Hawassa city. The aim in doing this was to 
bridge knowledge gap on local situation and information obtained was used to 
improve the design of the questionnaire. Moreover, both the interviewer’s and 
interpreter’s skills were practiced.  
 
During household survey, the selection of sample households for the study was done 
using simple random sampling method while some practical factors such as cost 
effectiveness, reliability, and representativeness of the information were also 
considered. We selected 30 samples from Wosha, Kela, and Basha respectively and 
the total sampling number added up to 90. A questionnaire containing multiple choice 
questions and open ended questions (See Appendix) was designed to assist the process 
of semi-structured interviews. The questionnaire was consisted of three parts, each 
focusing on different aspects.  The first part “Household information” investigated 
basic information of the household, such as household head information, household 
members, and income level etc. The second part “Woodfuel consumption” was the 
main body of our research interest and it focused on household fuel consumption 
pattern. For instance, types of fuel that were used and the preference, sources of 
fuelwood and charcoal and corresponding costs, the storage method for fuels, and so 
on. “Living issues”, as the final part, targeted at influences on households by 
consuming the chosen fuels and some related living habits. Both quantitative and 
qualitative information was gathered through interviews for future analyses. The 
length of each interview ranged from 20 to 45 minutes.  
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Interviews on fuelwood collectors and woodfuel sellers were carried out by chance 
and only a limited number of samples were acquired. The reasons were the 
unpredictability of meeting them and their unwillingness to cooperate. Particularly, 
the second reason was quite understandable because it was very likely that collectors 
were too busy (or tired) to be interviewed and sellers refused to participate without 
payment. Nevertheless, since the aim of interviewing these two groups of people was 
to provide outlook from different angles, limited data, although undesirable, was still 
acceptable. Brief questionnaires regarding collection pattern and sales pattern were 
adopted separately and woodfuel was weighted after each interview. In total, three 
collectors and six sellers were interviewed.  
 
The key informants interviewed were professionals from different levels of 
government offices in charge of energy issues and forest resource. These included the 
Peasant Association Office in Wosha and Basha (unfortunately the PA office in Kela 
was not accessible) and the Regional Government Office in Hawassa. Individuals who 
were considered knowledgeable and rich in experiences about household energy and 
socioeconomic conditions of the residents in Wondo Genet were introduced to be 
interviewed. Topics on general situations of fuel usage, woodfuel consumption 
patterns, influences on households, government projects, policies and regulation etc. 
were discussed and much qualitative information was obtained.  
 
In addition to the formal survey in this study, colleagues in Wondo Genet College of 
Forestry and Natural Resources (WGCF-NR), Hawassa University, helped a lot 
through our daily discussion. Personal experiences and observations also facilitated 
the understanding of the overall conditions related to domestic energy use and related 
significant factors and constraints in the study area.  
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4.3 Methods of Data Analysis 
 
4.3.1 Descriptive statistics 
 
Data collected through various methods are inputted, processed and analyzed by using 
IBM SPSS Statistics. Appropriate descriptive and quantitative methods are adopted to 
generate results that are of research interest such as mean, range, percentage, 
proportion and graphs.  
 
4.3.2 Theoretical model and empirical strategy 
 
A random utility model (McFadden 1973, Mcfadden 1974, Ben-Akiva et al. 1993, 
Train 2003) is employed as the theoretical frame work for analyzing household’s 
decision on the primary choice of fuelwood source. Consider a household i from a 
sample of N households who has to choose a primary fuelwood source from a feasible 
set defined by 𝑗 = 1, 2, 3 alternative fuelwood sources, namely collection from 
non-private forests (1), private plantation for fuelwood (2), and purchase from 
fuelwood sellers (3). We assume that each household attaches a utility 𝑈𝑖𝑗 to each 
source depending on personal perception of source-specific attributes 𝑎𝑖𝑗, residence 
location 𝐿𝑖 , and household-specific factors 𝑥𝑖 . If 𝑎𝑖𝑗 , 𝐿𝑖  and 𝑥𝑖  include all the 
relevant factors, utility derived by an individual who chooses fuelwood source 𝑗 can 
be written as: 
 𝑈𝑖𝑗 = 𝑈(𝑎𝑖𝑗  𝐿𝑖  𝑥𝑖)   𝑗 = 1, 2, 3 (1) 
 
In this model, a household chooses the fuelwood source that maximizes utility. Let 
𝐷𝑖𝑗 denotes a discrete choice variable taking the value of one (1) if a household 
obtains its fuelwood exclusively from a source 𝑗 (this means source 𝑗 is the primary 
fuelwood source for this household) and zero (0) otherwise. Therefore, a utility 
maximizing household chooses the alternative that provides the greatest utility. The 
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behavioral model is therefore: choose alternative 𝑗 if and only if 𝑈𝑖𝑗  >  𝑈𝑖𝑘   𝑗 ≠
 𝑘. For purposes of exposition, other things being equal, when the first alternative 
(collection from non-private forests) is chosen as the primary fuelwood source, the 
following equality holds true: 
 𝐷𝑖 = 1,𝐷𝑖 = 𝐷𝑖 =   (2) 
and the corresponding probability that a household 𝑖  obtains fuelwood through 
collection from non-private forests can be expressed as: 
  𝑖 =   (𝑈𝑖 > 𝑈𝑖  𝑎   𝑈𝑖 > 𝑈𝑖 ) (3) 
 
Although the utility a household derives from choosing a particular fuelwood source 
is not observable, some of the characteristics of the household, labeled 𝑥𝑖, and some 
attributes of the fuelwood sources as faced by the household, labeled 𝑎𝑖𝑗  are 
observable. In this way, we can specify a function, usually called representative utility, 
which relates these observed factors to the household’s utility. The function is denoted 
𝑉𝑖𝑗 = 𝑉(𝑎𝑖𝑗, 𝑥𝑖), where 𝑎𝑖𝑗 and 𝑥𝑖 are vectors of observed variables relating to the 
fuelwood alternatives and the individuals respectively.  
 
Since there are some aspects of utility that researchers do not or cannot observe, 
𝑉𝑖𝑗 ≠ 𝑈𝑖𝑗. Utility is decomposed as  
 𝑈𝑖𝑗 = 𝑉𝑖𝑗   𝑖𝑗   𝑗 = 1, 2, 3 (4) 
 
where  𝑖𝑗 captures other unobserved factors that affect utility but are not included in 
𝑉𝑖𝑗. We do not know  𝑖𝑗  𝑗 and thus treat these terms as random. Consequently, we 
assume that  𝑖𝑗 has the density function 𝑓(ε𝑖) where 𝑓(ε𝑖) = 𝑓(ε , ε , ε ) and has 
the mean vector equal to zero (0) with the following corresponding 
variance-covariance matrix: 
  = (
 𝑖, 
  𝑖,   𝑖,  
 𝑖,   𝑖, 
  𝑖,  
 𝑖,   𝑖,   𝑖, 
 
) (5) 
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Therefore, the probability of choosing the first alternative is: 
 
 𝑖 =   (𝑉𝑖   𝑖 > 𝑉𝑖   𝑖 𝑎   𝑉𝑖   𝑖 > 𝑉𝑖   𝑖 ) 
=   ( 𝑖   𝑖  𝑉𝑖  𝑉𝑖  𝑎    𝑖   𝑖  𝑉𝑖  𝑉𝑖 ) 
=   ( ?̃?,    ?̃?𝑖,   𝑎    ?̃?,     ?̃?𝑖,   ) 
(6) 
 
where  ?̃?,  =  𝑖   𝑖 ,  ?̃?,  =  𝑖   𝑖 , ?̃?𝑖,  = 𝑉𝑖  𝑉𝑖 , and ?̃?𝑖,  = 𝑉𝑖  𝑉𝑖 . 
This change of variables will induce a new joint density 𝑔 ( ?̃?,  ,  ?̃?,  ) depending on 
which probability is under consideration (i.e., 𝑔 (·) ≠ 𝑔 (·)). The new density 
𝑔𝑗(·)can be easily derived from the former density 𝑓(ε) by a linear transformation 
with Jacobian equal to unity. In terms of density of differences against the first 
alternative 𝑔 ( ?̃?,  ,  ?̃?,  ) , the covariance matrix can be derived by transformation: 
 
 ̃ = (
 1 1  
 1  1
)(
 𝑖, 
  𝑖,   𝑖,  
 𝑖,   𝑖, 
  𝑖,  
 𝑖,   𝑖,   𝑖, 
 
)(
 1  1
1  
 1
) 
= (
      
    
) 
(7) 
 
 
where the  ’s relate to the original   ’s as follows: 
   =  𝑖, 
  2 𝑖,    𝑖, 
  , 
   =  𝑖, 
   𝑖,    𝑖,    𝑖,   , 
   =  𝑖, 
  2 𝑖,    𝑖, 
  . 
 
Equation (6) indicates that the choice probability follows a cumulative distribution 
and is the probability that among different alternatives, the difference in the random 
components of the utility (e.g. ε𝑖  ε𝑖  ) is smaller than the opposite number of 
difference in their deterministic components (e.g.  𝑉𝑖  𝑉𝑖 ) (Train 2003). The 
estimation of the model in this study is a multinomial probit model that allows 
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correlation among alternatives (Hausman 1978). From equation (6), the corresponding 
cumulative probability of collection from non-private forests as fuelwood source (the 
first alternative) is expressed as: 
  𝑖 = ∫ ∫ 𝑔 ( ?̃?,  ,  ?̃?,  ) 
 ̃ ,  
  
  ̃ ,  
  
 ?̃?,    ?̃?,   (8) 
 
Corresponding expressions can be derived for the probability of obtaining fuelwood 
from private plantation (the second alternative) and purchase from sellers (the third 
alternative) as the primary source.  
 
When estimating the multinomial probit model, we cannot simply assume that all 𝐽 
sets of regression parameters and elements of the variance- covariance matrix are 
identifiable. This is because unlike logit models, normalization of scale and level does 
not occur automatically so that a process of parameter identification is needed. A 
parameter can only be estimated if they are identified or more simply put it, 
parameters that do not affect behaviors of households cannot be estimated (Train 
2003). To set the scale of utility, the top-left element of  ̃ , which is the variance of 
 ?̃?,   , to 1. This normalization for scale gives us the following covariance matrix: 
  ̃ 
 = (
1    
 
    
 ) (9) 
 
The   ’s relate to the original   ’s as follows: 
   
 =
 𝑖, 
  2 𝑖,    𝑖, 
 
 𝑖, 
  2 𝑖,    𝑖, 
  
   
 =
 𝑖, 
   𝑖,    𝑖,    𝑖,  
 𝑖, 
  2 𝑖,    𝑖, 
  
 
The model is estimated through Maximum Likelihood Estimation (MLE) to generate 
the choice probabilities: 
 27 
 
   𝐿( ̃) =∑∑𝐷𝑖𝑗  ( 𝑖𝑗    ̃, ?̃?𝑖,𝑗𝑘)
 
𝑗  
 
𝑖  
  𝐽, 𝑗 ≠ 𝑘 (10) 
 
where ( 𝑖𝑗  ̃, ?̃?𝑖,𝑗𝑘) =   ( ?̃?,𝑘𝑗  ?̃?𝑖,𝑗𝑘  𝑘   ̃),  ̃ is a vector of parameters of all 
independent variables and 𝑘 represents all the unchosen alternatives. The error term 
 ?̃?,𝑘𝑗 is assumed to have the density function 𝑔𝑗( ?̃?,𝑘𝑗). In our model, 𝑔𝑗( ?̃?,𝑘𝑗) is 
bivariate normal with mean vectors zero (0).  
 
One aspect investigated in our study is the impact of residence location on 
household’s choice of fuelwood source. Since our hypothesis is people from different 
PAs have different preference for their primary fuelwood source, the situation in 
Wosha is the reference location in our model and two location dummy variables for 
Kela and Basha are introduced. In addition, due to the reason that our fuelwood 
sources are very cross-fields and no unified scalars are available, we omit the 
measurements of people’s perception of fuelwood source  𝑎𝑖𝑗  and focus on 
observations of household characteristics 𝑥𝑖 . Therefore, the final multinomial probit 
model of household’s choice of fuelwood source is as following: 
 𝑈𝑖𝑗
 =    𝑗𝑥𝑖   𝑖𝑗 (11) 
 
where 𝑥𝑖 is a verctor of household-specific characteristics including household head 
information (e.g., age, gender, education level), household information (i.e., numbers 
of male and female, family size), and property information (i.e., farmland size, 
livestock number, house ownership, economic status).   and   𝑗  are vectors of 
parameters while  𝑖𝑗 is the error term.  
 
For empirical application, we use pooled data from the household survey and data are 
input into Stata for establishment of the model and further analyses.  
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5. Results 
 
5.1 Description of surveyed households 
 
Of the total 90 surveyed households in this study, demographic statistics are presented 
as the first part of the result section. They are indicators of households’ basic 
background information and are crucial to the further analyses in discriminating 
households’ dependence on woodfuels and choices of fuelwood sources. 
Demographics describe the households in terms of information of household heads 
(e.g., age, gender, education level, and occupation), information of households (family 
size and gender distribution), and information of property (e.g., farmland size, house 
ownership and income level). A summary of the households’ demographics is 
illustrated in Table 5.1.a and Table 5.1.b below. The statistics from the three sampling 
sites, Wosha, Kela, and Basha, are compared and those of the total sampling pool are 
also generated as references.  
 
Table 5.1.a Demographics of the surveyed households (continues variables) 
 Town 
Wosha Kela Basha Average 
Mean SD Mean SD Mean SD Mean SD 
Household head age 39.07 13.37 40.43 16.58 35.00 9.56 38.17 13.53 
Number of males 3.73 1.93 3.03 1.30 3.10 1.56 3.29 1.63 
Number of females 3.40 1.67 3.10 1.47 2.90 1.35 3.13 1.50 
Household size 7.13 2.90 6.17 2.13 5.70 2.58 6.33 2.60 
Farmland size (ha) .89 1.34 .26 .42 .55 .91 .56 .99 
Farmland size* (ha) 1.11 1.42 0.64 0.45 1.03 1.04 0.98 1.14 
Livestock 3.43 3.95 1.73 3.79 1.13 1.91 2.10 3.45 
Livestock* 4.68 3.93 4.00 4.98 3.40 1.78 4.20 3.88 
Income level (birr/year) 25840 18887 33960 47560 36166 45172 32097 39306 
Income per capita (birr/year) 3858 2460 6343 9504 7202 9689 5837 8036 
Household economic status 1.63 0.77 1.97 1.33 2.17 1.32 1.92 1.17 
Farmland size* and Livestock* represent figures within property owners 
SD=standard deviation 
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Table 5.1.b Demographics of the surveyed households (categorical variables) 
 Town 
Wosha Kela Basha Average 
N Percentage N Percentage N Percentage N Percentage 
Household head gender female 3 10.0 2 6.7 0 .0 5 5.6 
male 27 90.0 28 93.3 30 100.0 85 94.4 
Household head marital 
status 
single 1 3.3 0 .0 2 6.7 3 3.3 
married 27 90.0 28 93.3 28 93.3 83 92.2 
divorced 1 3.3 0 .0 0 .0 1 1.1 
widowed 1 3.3 2 6.7 0 .0 3 3.3 
Household head occupation self-employed 5 16.7 13 43.3 17 56.7 35 38.9 
employee 6 20.0 7 23.3 6 20.0 19 21.1 
farmer 16 53.3 9 30.0 7 23.3 32 35.6 
unemployed 3 10.0 1 3.3 0 .0 4 4.4 
Household head education 
level 
illiterate 6 20.7 4 13.3 0 .0 10 11.4 
read and write 0 .0 2 6.7 1 3.4 3 3.4 
primary 15 51.7 11 36.7 14 48.3 40 45.5 
secondary 8 27.6 4 13.3 7 24.1 19 21.6 
high school 0 .0 6 20.0 3 10.3 9 10.2 
college and 
above 
0 .0 3 10.0 4 13.8 7 8.0 
Ownership of the house no 1 3.3 5 16.7 5 16.7 11 12.2 
yes 29 96.7 25 83.3 25 83.3 79 87.8 
Household economic status very poor 15 50.0 17 56.7 12 40.0 44 48.9 
poor 12 40.0 4 13.3 9 30.0 25 27.8 
medium 2 6.7 4 13.3 4 13.3 10 11.1 
rich 1 3.3 3 10.0 2 6.7 6 6.7 
very rich 0 .0 2 6.7 3 10.0 5 5.6 
N=Frequency, Percentage=Percentage of respondents 
 
First of all, for the information of household heads, there are no apparent differences 
regarding their age, gender, and marital status distribution among Wosha, Kela and 
Basha. While values of age do vary within given ranges, both mean values and 
corresponding standard deviation of “age” are quite close to each other for household 
heads coming from these three Peasant Associations (PAs). Different from this, 
gender and marital status of household head follow a similar pattern that for both 
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variables, they are excessively concentrated on specific values which are “male” and 
“married”, respectively. The reasons behind such a phenomenon are culture 
characteristics that households in Ethiopia are predominately male-headed and 
Ethiopians are inclined to early marriages.   
 
However, significant differences are observed in household heads’ occupation and 
education level among different PAs. In Wosha, more than half (53.3 percent) of the 
household heads are engaged in farming as their main financial source while this 
proportion decreases to 30.0 percent in Kela and further to 23.3 percent in Basha. 
Similarly, Wosha also has the largest unemployed population and Kela ranks the 
second. Proportion of self-employed people, on the other hand, complies with an 
exact opposite order with 56.7 percent in Basha, 43.3 percent in Kela, and 16.7 
percent in Wosha. Likewise, the distribution of household head education level varies 
in these three PAs. More and higher levels of education are attained by people from 
Basha, lesser in Kela and least in Wosha. Figure 5.1 and Figure 5.2 are used to 
illustrate these two interesting findings.  
 
 
Figure 5.1 Household head occupation among Wosha, Kela, and Basha 
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Figure 5.2 Household head education level among Wosha, Kela, and Basha 
 
Information of households reveals statistics concerning with family size and gender 
distribution. As can be seen from Table 5.1.a, although male and female family 
numbers are not markedly different among the surveyed PAs, they do conform to a 
trend of increase from Basha to Kela and then Wosha. This trend becomes even more 
obvious when the numbers are summed up, where they have family size of 5.70, 6.17, 
and 7.13 respectively. We choose to use separate numbers of males and females in our 
analyses rather than sex ratio because it is one of our hypotheses that number of 
females affect households’ choice on whether to collect fuelwood from non-private 
forests or not. Once again, for culture reasons, it is usually women and children’s 
responsibility for collection of fuelwood and a simple ratio of sex distribution cannot 
reflect such an influence. 
 
Finally, when it comes to household property information, people in Wosha have the 
largest area of farmland and the greatest number of livestock compared to the other 
two PAs. The probable reason is that a greater proportion of people are farmers in 
Wosha so that farmlands as well as livestock are more important to them as sources of 
income. After we eliminate residence without corresponding properties (those who do 
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not own any farmland or livestock), the results are still showing the same logic and 
become more persuasive. One confusing part about the comparison between Kela and 
Basha is that while Basha has the least number of farmers, why do households there 
have much more land area than those in Kela (1.04 ha VS 0.45 ha)? We believe this is 
because for many people in Basha who are self-employed, they are mostly engaged in 
Khat business and therefore, land is also important to them to produce Khat. In Kela, 
however, since many people are employees, they have less interest in investing in 
land.  
 
Income level, as the most direct indicator of economic status of households, is also 
used in our analyses. As shown in Table 5.1.a, Basha ranks first among these three 
PAs either we compare income level per household or income level per capita, 
followed by Kela and then Wosha. This validates the hypothesis of economic status 
rank of these three PAs and fulfills our two intuitions. First, as the education level of 
household head increases, they tend to go in for jobs with higher incomes. Second, 
people who are self-employed are in a more lucrative career than farmers.  
 
Nevertheless, due to the reason of privacy, some households refused to provide us 
information about income level or gave out misleading information. To solve this 
problem, during the survey and data analyses, we adopt a likert scale analysis, 
denoting values from one to five to household categories “very poor”, “poor”, 
“medium”, “rich”, and “very rich”, by considering their income level, farmland size, 
livestock number, house ownership and the researcher’s observation in situ. The point 
in doing this is that what we try to analyze in the study is the influence of economic 
status on choice of fuelwood sources, not the exact number in currency which is not 
accessible anyway. Therefore, a crude but distinguishable scale of economic status is 
useful enough in our research. From Table 5.1.a we can see the mean value of 
economic status of households follows the pattern of income and is quite 
representative. Figure 5.3 shows the distribution of economic status in these three 
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PAs.  
 
 
Figure 5.3 household economic statuses among Wosha, Kela, and Basha 
 
5.2 Characteristics of Household Energy Consumption 
 
5.2.1 Fuel Sources 
 
Thanks to the fast economy growth and subsequent development in infrastructure, 
even though traditional fuels still occupy an overwhelming majority of total 
household energy consumption, modern fuels have already been more accessible to 
local residents. Many households in the study area have been equipped with 
electricity for the purpose of lighting, warming and some entertaining activities. 
However, only very few of them can afford the cost of modern fuels for cooking so 
that traditional fuels are still the main source in the kitchen.  
 
The fuel types commonly used for domestic cooking in Wondo Genet include 
fuelwood, charcoal, crop residues, LPG, kerosene and electricity. The latter three are 
considered as modern fuel substitutes with higher energy efficiency and cleanliness. 
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Only few households largely or fully used them due to reasons such as unaffordability, 
unstable supplies, lack of infrastructure, etc. Though degrees of dependence on the 
different types of biomass fuel widely vary, in one way or another, households in 
Wosha, Kela, and Basha generally depend on these traditional fuels, particularly 
woodfuels, for their daily domestic cooking. Out of the surveyed 90 households, only 
one household claims no use of fuelwood. In addition, 75.6 percent of them use 
charcoal as a fuel supplement and 16.7 percent of them also choose to burn crop 
residues when cooking. By comparison, adoption of modern fuels for cooking foods is 
very rare, only 4.4 percent for kerosene, 3.3 percent for LPG, and 7.8 percent for 
electricity. Figure 5.4 below depicts the usage of different fuels in the study area more 
visually. Yet another surprising outcome of the study is no households are found using 
cow dung as fuels, which implies that most people have already been conscious of its 
value as fertilizer rather than low-quality fuel.  
 
 
Figure 5.4 Usages of different fuels for domestic cooking 
 
Major fuel types used by households differ according to different end uses or food 
items cooked in a given household. For example, the most common staple food injera 
is usually baked at home by housewives and they always prefer to choose fuelwood 
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for baking it. Similarly, it has become a custom (or even ceremony sometimes) to 
prepare coffee using charcoal with an ordered process of procedures. “It loses all the 
feeling and atmosphere when you prepare coffee in another way.” says an Ethiopian 
forest researcher. For this reason, even wealthy families in Wondo Genet are reluctant 
to fully abandon traditional fuels.  
 
Other reasons of people sticking to biomass fuels are easy to expect. The main reason 
is undoubtedly cost. Low income level determines that depending on modern fuels is 
beyond most households’ capability while comparably, biomass fuels are much 
cheaper or even free if one collects fuelwood from a natural forest or crop residues 
from his own farmland. Affordability, availability and accessibility of biomass fuels 
(fuel sources) plays an important role when households choosing fuels. Besides, 
burning quality of fuels is also considered by some households who claim that crop 
residues are even of better use than fuelwood and electricity when baking injera. 
From Figure 5.5 we can see that almost 97 percent households prefer woodfuels as 
their principal energy form (88.89 percent for fuelwood and 7.78 percent for charcoal) 
while only 3.33 percent households choose modern fuels (1.11 percent for electricity 
and 2.22 percent for LPG). These figures once again indicate the importance of 
woodfuels in people’s daily life in Wosha, Kela, and Basha. 
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Figure 5.5 Preference of fuel for households 
 
5.2.2 Woodfuels 
 
Woodfuels discussed in this study mainly consist of fuelwood and charcoal. Fuelwood, 
as the most common and easily accessible domestic energy form in undeveloped 
regions, is widely consumed in Wondo Genet area. In the surveyed three PAs, 
however, owning to more strict laws and regulation of natural resources from the 
government, collection from non-private forests has become more difficult than 
before and competition among households is also getting fiercer nowadays. In 
addition, the development in economy has improved people’s life quality and is 
changing their perception of domestic energy consumption. As a result, households 
are willing to move upwards the energy ladder when alternatives are available and 
affordable. 
 
Charcoal has been considered as the prior and main substitute and supplement to 
fuelwood in the process of energy transition. Its availability in most parts of the 
country and the relatively acceptable cost makes it easier to be accepted by most 
households. In Wosha, Kela, and Basha, use of charcoal in domestic cooking is 
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widespread, particularly in the preparation of coffee. Table 5.2 below shows the capita 
amount of woodfuels consumed per year in these three PAs.  
 
Table 5.2 Woodfuel consumption (per capita per year) in Wosha, Kela, and Basha 
 Town 
Wosha Kela Basha Average 
Mean SD Mean SD Mean SD Mean SD 
Fuelwood consumption 
amount 
310.3 165.9 295.1 161.9 279.2 180.2 295.0 168.3 
Charcoal consumption 
amount 
56.2 43.8 73.9 76.4 70.9 52.0 68.4 60.0 
SD=Standard Deviation 
 
From the table, we can clearly see that fuelwood consumption amount decreases 
steadily as we move from Wosha to Kela and to Basha. On the other hand, amount of 
charcoal consumption in Kela and Basha is apparently larger than that in Wosha. 
More specifically, Kela has the highest per capita charcoal consumption amount 
although its average economic status is lower than Basha. The reason behind this is 
that as a superior fuel compared to fuelwood, charcoal itself is still a low quality and 
efficiency energy form when modern fuels are considered. Therefore, when 
households’ economic status improves from a very low level, such as the situation of 
some families in Wosha, they first tend to increase their used fuelwood amount 
because severe poverty and lack of resources can even make fuelwood unavailable. 
After that, alternative fuel (e.g. charcoal) is introduced and as income level increases, 
fuelwood consumption amount decreases and charcoal consumption amount increases, 
just like what happens in Kela. If improvement in economy continues further, modern 
fuels will be adopted by people to replace woodfuels and both fuelwood and charcoal 
consumption amount will decrease, which is being experienced by some wealthy 
households in Basha.  
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Table 5.3 Correlation between charcoal consumption amount (per capita per year) and 
fuelwood consumption amount (per capita per year) 
 Charcoal consumption 
amount 
Fuelwood consumption 
amount 
Charcoal consumption 
amount 
Pearson Correlation 1 -.248* 
Sig. (2-tailed)  .048 
Fuelwood consumption 
amount 
Pearson Correlation -.248* 1 
Sig. (2-tailed) .048  
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Table 5.3 above displays the overall correlation between charcoal consumption 
amount and fuelwood consumption amount. A significant negative relationship is 
shown; representing usage of charcoal is a substitute of usage of fuelwood and thus 
reduces households’ dependence on fuelwood.  
 
5.2.3 Charcoal 
 
Compared to the complex situation of fuelwood, sources of charcoal are more unitary 
for common households since specific equipment is required in the production and 
huge amount of wood is needed to be profitable. Moreover, although limited effort 
has been spent to put the law into force, it is in fact illegal to produce charcoal in 
Ethiopia so that most people are not willing to take the risks. Consequently, the only 
way for the majority of households to obtain charcoal is through purchase but there 
are different ways in doing this and differences exist in the amount of charcoal and 
corresponding cost. 
 
Charcoal on sale can be found in most retail shops within communities in Wosha, 
Kela, and Basha. Usually it is sold in small plastic bags which worth two to four 
Ethiopian Birr with weight approximately 0.22 kg. Besides, charcoal can also be 
purchased from wholesalers in large amount, storing in sacks and weighing 50 to 70 
kg per sack. In this way, each sack costs 90 to 160 Ethiopian Birr depending on the 
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weight and quality of charcoal. Somewhere in between, households are able to choose 
to purchase in large plastic bags almost any weight they want and the price is to be 
negotiated. Visual description of charcoal sold in small plastic bags and in sacks can 
be found in Figure 5.6 and 5.7 below. In summary, the whole sales system is very 
flexible and households make choices based on their particular situation. 
 
 
Figure 5.6 Charcoal sold in small plastic bags by retailers (Photo by Ji She) 
 
 
Figure 5.7 Charcoal sold in sacks by wholesalers (Photo by Ji She) 
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However, unit price of charcoal varies substantially among different purchasing ways. 
While it is only 2.4 EB/kg
3
 when purchasing charcoal in sacks, the price rises to 9.1 
EB/kg if one chooses to buy it from retail shops in small plastic bags, the difference 
between which is almost as high as 400 percent. Nevertheless, constrained by 
financial reasons, many households are limited in cash and savings so that they have 
to turn to the retailers for charcoal. Figure 5.8 below compares choices in purchasing 
charcoal in the surveyed households.  
 
 
Figure 5.8 Charcoal purchase patterns in Wosha, Kela, and Basha 
 
From Figure 5.8 we can know that many more people do not use charcoal at all in 
Wosha. Among those choosing charcoal as an alternative domestic energy, about half 
of them are aware of the unit price difference and prefer purchasing in large amount 
(in sacks). Yet there are still a great proportion of households are relying on retailers 
as their source of charcoal, mainly constrained by poverty.  
 
                                                             
3
 1 Ethiopian Birr= 0.037 Euro http://www.oanda.com/currency/converter/ 
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5.2.4 Fuelwood 
 
By now fuelwood remains to be the most principal domestic energy form in Wondo 
Genet area. Different sources exist for households to obtain fuelwood and can be 
summarized as following: 
 Collection from non-private forests. Depending on household labor to collect and 
transport fuelwood from natural forests, community forest and commercial forest 
etc. (Figure 5.9) 
 Self-plantation. While the magnitude of plantation and number of trees may vary 
significantly (it can be hectares of tree farms or small amount of trees planted on 
boards of yards), the distinguishing feature is households invest to plant trees by 
themselves.  
 Purchase from fuelwood sellers. Fuelwood becomes market goods traded between 
households and sellers which can be door-to-door sellers, retailers, market sellers 
and so on.  (Figure 5.10) 
 
 
Figure 5.9 Fuelwood collectors on their way home (Photo by Ji She) 
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Figure 5.10 A retail shop of fuelwood in Basha (Photo by Ji She) 
 
Households choose sources of fuelwood based on source availability, their perception 
of different sources, economic status, and some other household idiosyncrasies. Table 
5.4 presents the overall households’ choice of fuelwood sources in the study area. 
Among those households that are using fuelwood, most (77.5 percent) of them choose 
purchasing from sellers as one way to acquire fuelwood. Within all the responses on 
fuelwood sources, purchasing holds a proportion of 57.0 percent, which shows that it 
has become the most influential means for households to obtain fuelwood. Collection 
and plantation by comparison has reduced their importance in domestic fuelwood 
acquisition. 
 
Table 5.4 Households’ choices of fuelwood sources 
 Responses Percent of Cases 
N Percent 
Fuelwood Sources Collecting fuelwood from forests 22 18.2 24.7 
Planting trees for fuelwood 30 24.8 33.7 
Purchasing fuelwood from sellers 69 57.0 77.5 
Total 121 100.0 136.0 
 
Since households’ choice of fuelwood sources are affected by a number of factors that 
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are both objective and subjective, households from Wosha, Kela, and Basha tend to 
behave differently when facing various sources of fuelwood and choose the most 
beneficial one or combination of sources to them. From Figure 5.11 we can observe 
that choices of fuelwood sources are approximately evenly distributed among 
collection, plantation, and purchase in Wosha. Particularly, proportion of collection is 
significantly higher here probably because the distance to natural forests is much 
closer and household economic status is much lower. Whereas in Kela and Basha, 
households are excessively inclined to purchase compared to the other two ways. In 
addition, in Basha, even less households choose collection and plantation as fuelwood 
sources than those in Kela.  
 
 
Figure 5.11 Households’ choices of fuelwood sources in Wosha, Kela, and Basha 
 
Although many households simultaneously rely on more than one source of fuelwood, 
there is always a primary means for them to obtain the majority of consumed 
fuelwood. This primary source, like people’s choice for fuelwood sources, is 
determined by multiple factors relating to households as well as the environment but 
is even more representative since they reveal households’ true interest. Table 5.5 
depicts the primary choice of fuelwood source of surveyed households in the study 
 44 
 
area Wondo Genet. Among those who are using fuelwood, now only 20.2 percent of 
them are still relying mainly on self-collection, which was the sole means to obtain 
fuelwood previously. As for private plantation, although many households are 
planting trees for fuelwood, very few (7.9 percent) are actually regarding it as a main 
fuelwood source. Importance of plantation as a fuelwood source decreases markedly 
if it is compared with other sources. This is in accord with the fact that plantation is 
mostly established by people as an extra income source for higher value products such 
as poles and construction wood. Comparatively, fuelwood is normally a by-product. 
Most households (71.9 percent), however, have switched to markets as the primary 
source to purchase their fuelwood. 
 
 
Table 5.5 Households’ primary choice of fuelwood sources 
 Frequency Percent Valid Percent Cumulative Percent 
Valid 
 collection from forest 18 20.0 20.2 20,2 
 planting trees 7 7.8 7.9 28,1 
purchase from sellers 64 71.1 71.9 100,0 
total 89 98.9 100.0  
Missing not using fuelwood 1 1.1   
Total 90 100,0   
 
Again, to choose the primary source of fuelwood, there are differences among 
households from these three PAs and Figure 5.12 displays these differences. The 
pattern of households’ choices is somehow identical to the distribution of choices on 
fuelwood sources: more households in Wosha regard collection as their main source 
of fuelwood while in Kela and Basha, purchase from sellers is the most popular 
choice. Interestingly, the number of households choosing planting trees in Basha 
excesses that in Kela, the reason of which may be the fact that households in this site 
are in possession of larger areas of farmland.  
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Figure 5.12 Households’ primary choice of fuelwood sources in Wosha, Kela, and 
Basha 
 
5.2.4 Empirical result of fuelwood sources 
 
From a preliminary run of analysis including parameters household head gender, 
marital status and age (not shown in result), we find their influence on households’ 
final decision is negligible. As we have presented above, household heads in this 
region are excessively married males. Therefore, these parameters are omitted in our 
model to reduce noise. Also, occupation of household head is omitted because it 
mainly acts as a clue for household economy status.  
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Table 5.6 Marginal effects at the means from multinomial probit estimates 
 Pr(choice=1)=0.1825 Pr(choice=2)=0.0867 Pr(choice=3)=0.7308 
 dP/dx S. E. dP/dx S. E. dP/dx S. E. 
Education 0.0129 0.0374 0.0001 0.0003 -0.0131 0.0374 
Household size  0.0337c 0.0217 -0.0001 0.0001 -0.0336c 0.0217 
Farmland area 0.0672 0.0722 0.0003 0.0007 -0.0676 0.0722 
Livestock 0.0230c 0.0150 0.0000 0.0001 -0.0230c 0.0150 
Ownership of house (yes=1) -0.5155b 0.2665 0.0199 0.0336 0.4956b 0.2680 
Economy status  -0.0222 0.0668 -0.0004 0.0008 0.0225 0.0668 
Fuelwood amount (kg/person*year) -0.0002 0.0003 0.0000 0.0000 0.0002 0.0003 
Charcoal amount (kg/person*year) -0.0004 0.0012 0.0000 0.0000 0.0004 0.0012 
Use of crop residues (yes=1) 0.4097a 0.1989 0.0122 0.0258 -0.4219a 0.1974 
Use of modern fuels (yes=1) -0.0768 0.0745 0.7503b 0.4076 -0.6735b 0.3799 
Location dummy Kela (Kela=1) -0.1554b 0.0824 -0.0002 0.0004 0.1556b 0.0824 
Location dummy Basha (Basha=1) -0.2520a 0.0969 0.0013 0.0028 0.2507a 0.0971 
S.E.=Standard error 
a. Significant at the 5% level; b. significant at the 10% level; c. significant at the 20% level 
 
We present the marginal effects from the multinomial probit model of the 
determinants of household choice of primary fuelwood source and in Table 5.6. The 
estimated probabilities of households to obtain fuelwood from collection from 
non-private forests (choice 1), private plantation (choice 2), and purchase from sellers 
(choice 3) are 18.25 percent, 8.67 percent, and 73.08 percent, respectively, which is 
very close to the actual distribution of reliance on primary fuelwood source in Table 
5.5. 
 
The significant level (at 5 percent, 10 percent and 20 percent) we choose in this study 
is relatively lower compared to other studies (normally at 1 percent, 5 percent and 10 
percent) because of the small size of sampling pool. It is very difficult to generate 
highly significant parameters with limited number of data. However, we still come up 
with some very interesting findings. 
 
The most straightforward result showed is that except for the use of modern fuels, all 
other determinants do not have any significant marginal effects on the choice of 
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private plantation as the primary fuelwood source. As previous results have shown us, 
relying heavily on private plantation for fuelwood is very rare in Wondo Genet. 
Therefore, such a choice is much more dependent on household idiosyncrasy other 
than attributes that we can normally observe. However, use of modern fuels can 
somehow indicate this trend because households need large size of farmland to plant 
enough trees to meet their fuelwood demand and such families are likely wealthy 
enough to afford modern fuels for domestic cooking.  
 
Household size has a positive marginal effect (3.37 percent) on collection from 
non-private forests and a negative one (-3.36 percent) on purchase from fuelwood 
sellers. This is very logical since self-collection requires large amount of time and 
manpower to collect enough fuelwood so that a labor shortage will impede this 
process. It is to our surprise that education level of household head does not have any 
significant influence on the choice of fuelwood source. The reason is probably that 
due to lack of choice options and the prevailing pattern to purchase fuelwood, 
although higher educated people choose to purchase instead of collection, many 
poor-educated people follow the same way so that education level cannot act as a 
determinant to distinguish them.  
 
In terms of household properties, size of farmland area does not affect households’ 
choices evidently but number of livestock owned is influential, although at a 
relatively low significant level. Owning more livestock indicates a trend towards 
farming within the family with less income, and thus cost on purchase of fuelwood 
will be more cautious. In addition, pasturing cattle and goats raises the probability to 
access forests and provides a chance for fuelwood collection. To the contrary, house 
ownership affects households positively to choose to purchase fuelwood. Residences 
living on rented house are most likely facing financial constraints so that they tend to 
collecting fuelwood themselves. Unfortunately, economy status does not have 
significant affect probably because the measuring scale is too vague and broad. 
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Nevertheless, the marginal effect does show an increase in the propensity to purchase 
when economy status levels up.  
 
As for domestic energy consumption, the amount of woodfuel consumed (per person 
per year) does not matter significantly as we assumed. By assumption, larger amount 
of charcoal consumption indicates decrease in dependence of fuelwood and increase 
of household economy, both leading to a pattern of purchasing fuelwood. Fuelwood 
consumption, on the other hand, should affect in an opposite way. The result depicts a 
pattern fulfills our assumption but not at any significant level. Use of crop residues 
gives out very significant effects on choices, increasing the probability of fuelwood 
collection by 40.97 percent and declining the probability of fuelwood purchasing by 
42.19 percent. This is because most often only poor households who cannot afford 
better fuels (or even purchasing fuelwood) will switch to inferior fuels like crop 
residues. Unlike this, use of modern fuels has a significant negative effect (7.68 
percent and 67.35 percent respectively) on both fuelwood collection and purchase. 
While the former influence is quite persuasive, the latter one is somehow 
contradictory to our common sense since we think higher income (indicated by use of 
modern fuels) households will prefer purchase as fuelwood source. Again we explain 
this fact by the problem of small sampling pool. Very few families are capable to use 
modern fuels during our survey and as a consequence, when some of them choose 
plantation, it affects the overall result significantly.  
 
Finally, two location dummy variables both have significant effects on choices 
between fuelwood collection and purchase, pushing households towards markets for 
fuelwood. Particularly, the marginal effect and significance for dummy variable Basha 
are even higher than those of Kela, indicating a more apparent distinction. Due to the 
fact that the economy status increases from Wosha through Kela to Basha, the result 
satisfies our assumption of the differences in households’ behaviors in these three 
PAs.  
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5.3 Woodfuel related issues 
 
5.3.1 Woodfuel Storage 
 
From Table 5.7 we can see that most (75.6 percent) households are aware of keeping 
their woodfuel dry and store them within house. Yet some of them still just leave their 
woodfuel (mostly fuelwood) in the open area and very few will use cover for 
protection from humidity. Also during the field work, we found that in most fuelwood 
retail stores, fuelwood were kept in open area and became wet very easily during the 
rainy season. High moisture content will reduce the combustion efficiency and release 
a large amount of smoke when burning fuelwood.  
 
Table 5.7 Domestic energy consumption issues 
 Frequency Percentage (%) Cumulative percentage (%) 
Fuel storage open area 19 21.1 21.1 
outside with cover 3 3.3 24.0 
house 68 75.6 100.0 
Use of modern stoves no 80 88.9 88.9 
yes 10 11.1 100.0 
Improve of stoves no 59 65.6 65.6 
yes 31 34.4 100.0 
Use of ash garbage 55 61.1 61.1 
manure 29 32.2 93.0 
toilet sanitation 6 6.7 100.0 
 
5.3.2 Stoves 
 
The situation of use of modern stoves is in line with previous result on use of modern 
fuels, which is very logical. Only very small proportions (11.1 percent) of households 
are able to afford modern stoves in their kitchen. In terms of reform of stoves, we 
consider households choices of improving their stoves, including reform of stoves to 
 50 
 
raise efficiency and purchase of stoves (still using traditional fuels). The result shows 
34.4 percent of households have taken some measures to improve the stoves they are 
using at home while 65.6 percent of households are still relying on the old fashioned 
stoves. Figure 5.13 and 5.14 show traditional stoves and modern electric stoves 
respectively.  
 
 
Figure 5.13 Traditional stoves in Ethiopia
4
 (Photo by Ji She) 
 
                                                             
4
 The three-stone stove on the left side is used for normal dishes and the Mirte on the right side is 
specifically for baking injera.  
 51 
 
 
Figure 5.14 Modern stoves (using electricity and LPG) (Photo by Ji She) 
 
5.3.3 Use of Ash 
 
After the combustion process, the remaining of biomass fuels, that is fuel ash, still 
contains abundant nutritious elements such as N, P etc. Thus ash can still be used as 
manure to crops to raise yield, which is fairly important to an agricultural country. 
Through our survey, we found that 61.1 percent of households abandon fuel ash as 
garbage and only 32.2 percent of them are making use of ash on crops. Another 6.7 
percent of households are using ash for toilet sanitation.  
 
5.3.4 Food preparation 
 
Domestic energy consumption is mainly devoted to food preparation. Figure 5.15 
describes households’ cooking time distribution in the study area. A mean value of 
24.1 hours per week is spent in the kitchen with a standard deviation of 11.252 hours 
for households. Food preparation is excessively a responsibility for women due to 
cultural tradition. Since when women are cooking, they are most likely to be 
surrounded by their children, cooking condition is of great significance to their health 
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(See Figure 5.16).   
 
 
Figure 5.15 Households’ cooking time distribution 
 
 
Figure 5.16 A woman is preparing food (Photo by Ji She) 
 
Information in Table 5.8 shows, among all the surveyed households, only 23.3 percent 
of them regard the cooking condition in their house is clean and fresh with no 
discomfort when preparing food. The rest (also the majority 76.7 percent) think either 
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there is little amount of smoke or it is very smoky during cooking. As indoor air 
pollution is a severe threat to human health, more than half (53.3 percent) of the 
respondents complained health issues caused by smoke, within which eye burning, 
headache, respiratory problems are the main discomfort suffered.  
 
Table 5.8 Cooking condition and health issues 
 Frequency Percentage (%) Cumulative percentage (%) 
Cooking 
condition 
clean and fresh 21 23.3 23.3 
little amount of smoke 40 44.4 67.8 
smoky 29 32.2 100.0 
Health issues no 42 46.7 46.7 
yes 48 53.3 100.0 
 
 
 
Figure 5.17 Cooking stoves beside the bed (Photo by Ji She) 
 
5.3.5 Government Performance 
 
Although the Ethiopian government is implementing several projects to reduce 
residents’ reliance on biomass fuels and accelerate the transition to modern fuels, the 
information in Table 5.9 reveals that most (91.1 percent) households do not have any 
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knowledge of these projects, not to mention getting any access. During our interview 
with officials from Wosha, we were introduced to a specific household to visit the 
domestic biogas device (Figure 5.18). However, this acted more like a show-off of the 
government program rather than a practical benefit that common households can be 
involved.  
 
Table 5.9 Government’s performance 
 Frequency Percentage (%) Cumulative percentage (%) 
Knowledge of program no 82 91.1 91.1 
yes 8 8.9 100.0 
Grade for government’s 
performance 
very bad 14 15.6 15.6 
bad 38 42.2 57.8 
medium 11 12.2 70.0 
good 9 10.0 80.0 
very good 13 14.4 94.4 
missing 5 5.6 100.0 
 
 
Figure 5.18 The biogas device in the pilot household in Wosha (Photo by Ji She) 
 
As for government’s performance on domestic energy issues (woodfuel regulation and 
stove improvement), an average 2.64 of 5 points (calculated from the table) was given 
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by the surveyed households. Among them, more than half (57.8 percent) of 
households gave a negative evaluation.  
 
5.4 Key informant interview 
 
In total, four interviews with key informants from Peasant Association Office in 
Wosha, Kela, and two Regional Government Offices (Natural Resources and Energy) 
in Hawassa are completed. Content of interview is summarized as following: 
 
In Wondo Genet Woreda, there are in total 13 rural PAs including Wosha and two 
urban PAs which are Kela and Basha. Domestic use of electricity and modern fuels is 
more frequent in the urban PAs where households are wealthier.  
 
A large proportion of forest in Wondo Genet is natural forest but many parts have 
been much degraded to almost shrub level already. Most agricultural activities are 
cash crops and plantation in large scale is not prevalent. Many families own some 
amount of domestic tree plantation (mainly Eucalyptus) but trees are mostly planted 
within yards as fence or board. Some PAs have started new plantation these years and 
specious are mainly Cupressus and Grevillea.  
 
Fuelwood and charcoal are the main domestic energy forms here. For fuelwood, 
people can either collect from natural forests, or purchase from wood sellers, or get 
from their own planted trees. Charcoal, on the other hand, is normally obtained by 
residents only by purchase. Fuelwood and charcoal in markets are both from local 
natural forests and other areas.  
 
In principle, no one is allowed to enter and make use of natural forests but in practice, 
collection of fuelwood is permissible as long as there is no cutting. However, no clear 
boundary for natural forests exists. It is claimed that no more than one percent 
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households are collecting fuelwood from natural forests in Wosha.  
 
Fuelwood scarcity is a problem in Wondo Genet but not a serious one. Only during 
rainy season will there be a slight shortage of fuelwood but it is still available in 
markets. There is a price difference for fuelwood between dry season and rainy season 
for mainly two reasons: first, farm work in rainy season leads to a shortage of 
fuelwood supply; secondly, crop residues can be used for domestic cooking in dry 
season. Most people can do nothing but accept the fact since they do not have or 
cannot afford other alternative fuels. Poor households sometimes choose to reduce 
their fuelwood consumption. 
 
Because of its detrimental influences on environment, charcoal production is 
forbidden in law in Ethiopia. However, there is serious problem in implementation. It 
is very difficult to follow charcoal producers and no permanent guards are on duty to 
protect forests. Only a half-year check is carried out in current regulation. People 
participating in illegal activities in natural forests are sent to court as punishment but 
sometimes maybe due to bribe or other illegal deals, they even get more power than 
the PA officials and are released with no serious punishment. To make things worse, 
some charcoal producers are even armed with guns to defend themselves and attack 
guards, raising violence as well as making regulation dangerous.  
 
There are some programs aiming to relieve domestic energy crisis in the study area. 
First, introduce alternative energy sources such as biogas and electricity. By now, 30 
households in Wosha and two households in Kela have equipped biogas device in 
their houses. Secondly, improve stove efficiency. This is a government project 
cooperating with an NGO (name not given) and is now under preparation. Thirdly, 
help farmers to plant trees by offering seedlings and seeds of trees.  
 
Finally, no good relationship is built between forestry officials and local residents. 
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The reason is that government works according to the national law while some people 
behave against it. Sometimes residents know they are wrong but since they do not 
have other alternatives, they have to break the law and not follow officials’ 
suggestions. This will result in conflicts.  
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6. Discussion 
 
Given the fact that a great proportion of population in undeveloped region is 
continuing dependence on biomass fuels, particularly woodfuls, responses to 
fuelwood scarcity and the process of energy transition are receiving an increasing 
research interest in current academic world. In our study in Wondo Genet area, 
domestic energy consumption pattern and potential influential factors are investigated.  
 
Constrained by financial reasons, responding households are mostly heavily reliant on 
woodfuels and use of modern clean energy is not common. To a certain extent, the 
situation represents most areas in Ethiopia, where residents are too poor to afford 
modern fuels even in urban regions (Kebede 2002). Moreover, the preference for 
fuelwood is ascribed to several reasons other than economics of use, such as 
entitlement, tradition, accessibility etc. (Dovie 2004). Among the selected three 
Peasant Associations, due to their differences in distance to natural forests and 
metropolis, households behave very differently regarding the choice of fuelwood 
source. Purchasing fuelwood from sellers has replaced self-collection as the main 
source of fuelwood, but the proportion varies among Wosha, Kela, and Basha. The 
trend fulfills the estimation of economy of these three PAs since development in 
wealth induce households to rely more on market fuelwood purchase rather than on 
their own collection (Amacher et al. 1996). Also, a behavioral distinction of these two 
groups is found. Households purchasing fuelwood are very responsive to increases in 
prices and labor opportunities, and they rapidly switch back to using household labor 
for collected fuelwood. Households collecting fuelwood are not sensitive to decrease 
in fuelwood price by shifting away from collection to purchase (Amacher et al. 1996).  
 
Determinants of households’ choice of fuelwood source are examined in this study. 
Some household-specific variables such as household head gender, marital status and 
age are omitted in the final analysis because no apparent variations were observed in 
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the surveyed households during the field work. Also, our preliminary analyses show 
no significant effects from these parameters. Some other studies also support such 
demographic variables are not important (Abebaw 2007, Jumbe and Angelsen 2011). 
However, some researchers argue the age of the household head increases the 
probability that household collects from own sources and lowers the probability of 
using market and multiple collection sources (Koc 2011, Beyene 2013b).  
 
Education is supposed to be an influential factor in determining the choice of 
fuelwood source and yet in our study, the role it plays is minimal. Again in the study 
of (Koc 2011), they find increasing education level of the household head has a 
positive effect on the probability that households collect from their own sources while 
lowering the probability that households collect form open access forests. It is 
assumed that education promotes household heads’ understanding of the importance 
of forest conservation and its function in maintaining soil fertility and mitigating 
climate change effects. This is contrary to a study in Vietnam where education of 
household head reduces fuelwood production from private plantation (Linde-Rahr 
2003). 
 
Household size in our analysis affects positively on collection from non-private 
forests and negatively on purchasing from market. Number of family members 
indicates the sufficiency of labor, which is extremely important to fuelwood collection. 
This is contrary to the results in some other studies, where increased family size raises 
probability of private fuelwood source and multiple sources respectively (Jumbe and 
Angelsen 2011, Koc 2011).   
 
Property ownership acts a particularly important role when households make 
decisions on source of fuelwood. In our study, although economy status itself does not 
affect households’ decision significantly, the indicators of household financial 
situation, namely farmland area, livestock number, use of crop residues and modern 
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fuels are influential. In the study in Malawi, income poverty has a positive effect on 
the propensity of fuelwood collection from forest reserves and customary forests and 
negative effect on collection from plantation (Jumbe and Angelsen 2011). The reason 
is most income-poor households cannot afford plantation forests, especially maybe 
too land-poor to invest in tree planting due to land shortage.  
 
As previous studies (Amacher et al. 1996, Beyene 2013b) show pattern of fuelwood 
use and related factors are highly localized, our two locations dummy variables Kela 
and Basha confirm this point as well. Moving from Wosha through Kela to Basha, the 
choice of fuelwood source shows an evident trend from collection towards purchase, 
both the likelihood and significance are improving.  
 
One disappointing result in our study is that private plantation in Wondo Genet is not 
carried out successfully as extra source of fuelwood for households. Although most 
households do plant trees, the scale is usually too small for them to use as a common 
fuelwood source. Higher valued cash crops are preferred by most households and no 
incentive from the government is created for them to establish plantation.  This is 
very different from policies in other areas. For instances, a program called 
“Grain-to-Green” in China provides local farmers with free rice, wheat flour, tree 
seedlings, and a certain amount of cash if they return a designated portion of their 
croplands and plant designated trees instead (An et al. 2002). 
 
Despite fuels used and sources, woodfuel consumption amount in households from 
Wosha, Kela, and Basha also varies. As economic status improves (from Wosha to 
Basha), average household consumption of fuelwood decreases obviously and 
consumption of charcoal first increases and then decreases. This is in line with the 
claim that income and per capita fuelwood consumption follow a non-linear 
relationship (Abebaw 2007). It indicates that there is a threshold level of income at 
which per capita quantity of both fuelwood and charcoal reaches a minimum.  
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In terms of energy transition from woodfuel to modern clean fuels, income is still the 
most important factor. The negative correlation between fuelwood consumption and 
charcoal consumption in our study shows their relationship of substitution. Wealthier 
households will first use charcoal to replace fuelwood and then turn to modern fuels 
such as LPG and electricity, while poorer households may switch to even more 
inferior fuels such as crop residues and dung. It has been argued that the primary 
driving force of energy transition is the macro-economic situation of the nation 
(Akther 2010) so that the adoption of modern fuels by households relies heavily on 
the infrastructure improvement of the region. For example, it has been found that the 
association between electrification and modern fuel use is prominent (Heltberg 2001, 
Heltberg 2004). Therefore, general economic development should be accompanied 
with development in urbanization, electrification, and education to promote fuel 
switching (Heltberg 2004). Additionally, although the probability of one household 
using fuelwood decreases as income increases, it does not necessarily mean that the 
overall fuelwood consumption of the region will decrease as well (Israel 2002). At 
least for a marginal increase in income, the increased fuelwood consumption among 
households who continue fuelwood use is likely to excess the reduction in fuelwood 
consumption from households that stop using fuelwood. It is possible for small 
changes in income to result in increased fuelwood consumption amount (Israel 2002). 
 
Furthermore, the concept of energy ladder is sometimes casted doubt nowadays since 
it implies that a move up to a new fuel is simultaneously a move away from fuels used 
hitherto (Heltberg 2005). Nevertheless, in reality households are more likely use 
multiple energy sources at different points of the energy ladder (Qian 1992, Davis 
1998). In our study, even when households adopt modern fuels for cooking, they are 
still consuming some amount of woodfuels for purpose like preparing special food. 
Therefore, a new term called fuel stacking describing such a phenomenon is more 
realistic (Masera et al. 2000).  
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In order to reduce woodfuel consumption and therefore deforestation, improving 
combustion efficiency through stove reform attracts great attention. The merits of 
improved stoves as a control on fuelwood consumption can reduce both 
financial/labor burden on households and ecological pressure on environment 
(Amacher et al. 1996). In addition, less smoke produced in improved stoves also 
reduces indoor air pollution (Pant 2013). However, our results show not many 
households are aware of this point and fewer have done so. Even when such programs 
were launched, it was very difficult for households to accept them. In the late 1980s, a 
subsidized stove-reformation program was proved unsuccessful because most farmers 
felt these stoves were inconvenient and hard to use in winter (An et al. 2002). 
Similarly, another stove reform project launched by Carbon Positive Trading (CPT) in 
Ethiopia was also failed when local people refused to purchase improved stoves after 
its free distribution in the beginning stage (Reddy 2011). It is concluded that price 
subsidies for modern fuels and improved stoves are often undesirable and not helpful 
(Heltberg 2004). Therefore, it can be sensed that the main reason for low 
dissemination of improved stoves is still affordability, especially the relatively high 
fixed cost of these stoves compared to traditional ones (Karekezi 2002, Israel 2002, 
Karekezi and Majoro 2002). 
 
Since charcoal is the most common substitute for fuelwood when income increases, 
improving the technology of charcoal production is another way in reducing 
deforestation. As charcoal will continue to be used, the development of an energy 
efficient charcoal kiln can deliver benefits such as environment improvement and job 
creating (Karekezi 2002). However, during our key informant interviews, respondents 
denied the possibility to improve charcoal production and legitimate this industry, 
insisting its grave environmental consequences. This is somehow confusing since 
without doubt, charcoal production will continue in Ethiopia. Even these officials and 
some researchers admit current legislation on charcoal regulation is a “paper tiger” 
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that no one actually follows. Therefore, it is much better to at least produce charcoal 
using a more environmentally friendly method rather than maintain the status quo, 
which is much more detrimental to the environment. A low-cost retort-kiln system for 
charcoal production has been proved to be superior to tradition ways (Adam 2009). 
 
Besides the innovation in technologies, the importance of education should not be 
ignored. Although in our empirical result education does not significantly affect 
households’ choice of fuelwood source, we can find that educated household heads 
are normally engaged in higher income occupations. This indicates an improvement in 
household economy and greater probability to switch to modern clean fuels. 
Education campaigns have been proved useful in increasing the awareness of local 
residents in Wolong, China of the increasing scarcity of forests and importance of 
panda conservation and thus reduce local fuelwood consumption (An et al. 2002). 
Also, it changes households’ taste in favor of modern fuels and improves the 
understanding of the costs and benefits of using modern energy to family welfare such 
as health (Israel 2002, Abebaw 2007). Education is the only way to change people’s 
perception of domestic energy consumption to avoid the “common property 
tragedy”-if forests are viewed as unlimited and thus free, why do local residents 
bother to reform their stoves or switch to modern fuels? 
 
Finally, as for the model used for empirical study, we choose the multinomial probit 
model to estimate the probability of each alternative and marginal effect of 
independent variables. Although the multinomial logit models are more commonly 
applied to analyze discrete choice data such as transportation choice (McFadden 
1973), they have a strong assumption of independence of irrelevant alternatives (IIA). 
By this it means an individual’s choice of an alternative relative to another will not 
change if a third viable alternative is added or dropped. When the IIA is violated, 
multinomial logit models are incorrectly specified and not appropriate. The estimated 
coefficients will be biased and inconsistent (Train 2003). A famous counter-example 
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is the red-bus-blue-bus problem which is elaborately explained in details by 
researchers (Train 2003). In practice, households can switch between or among 
alternatives. When one alternative is added or dropped, they will reassess the utility of 
each alternative and choose the best one. The ratio between two alternatives is not 
supposed to remain the same. The multinomial probit model we apply here does not 
assume IIA and thus is more accurate.  
 
Substitution patterns among fuelwood collection sites and market alternatives in 
Vietnam were explored using an extension of multinomial logit model to avoid 
making IIA assumption (Linde-Rahr 2003). Similarly, in Ethiopia, a multinomial logit 
model was used again to investigate households choosing fuelwood source among 
private forest, community forest, market, open access forest and numerous sources 
(Beyene 2013a). The study in Malawi is by now the first one to apply a multinomial 
probit model in fuelwood study, using demographic data as individual-specific 
variables and description of different collection sites as alternative-specific variables 
(Jumbe and Angelsen 2011). However, they only focus on selection among fuelwood 
collection sites and do not examine the role of either private sources or markets for 
fuelwood, which is not or will not be realistic in current fuelwood situation. In our 
study, we do include private plantation and markets as fuelwood sources but due to 
the differences among these sources, no uniform assessment of alternatives exists so 
that we do not have alternative-specific variables in our model, which violates the 
accuracy of our model to some extent. 
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7. Limitation of the Study 
 
First and foremost, due to limited time and resources during the field work, only 90 
households were interviewed in the survey. Compared to other studies, particularly for 
the empirical work, the data pool is relatively small. Therefore, the accuracy of the 
model for estimation is violated to a certain extent. Consequently, significance level is 
relatively lower in our model.  
 
Secondly, interpretation is needed when we interviewed households because of 
language barrier. Although trainings were launched to interpreters before the survey, 
translation of questions still somehow distorted the original meanings. Especially 
when interpreters became familiar with questions and the interviewing process, they 
might simplify the questions and respondents’ understanding of questions would 
change as well. However, this is a process we could not control. Additionally, due to 
personal reasons and conflicts in schedule, three interpreters were employed in this 
study, which could introduce further extraneous errors.  
 
Thirdly, recall errors from respondents were inevitable during interviews since 
sometimes it was difficult to memorize all the details accurately. Also, some 
respondents might withhold information or even provide misleading information 
when they were asked some sensitive questions such as income or when they 
suspected that we were from government to inspect them. For example, they might 
claim relying on market fuelwood while in reality, they collected fuelwood from 
natural forests. Although effort was devoted to examine the authenticity of 
information during the survey and data analyses, some errors might still happen. 
 
Fourthly, as we have stated in Discussion Section, no uniform assessment method 
across different fuelwood sources results in the absence of alternative-specific 
variables in our model. This reduces the accuracy of our model to some extent. 
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8. Conclusion  
 
This study examines domestic energy consumption situation in three Peasant 
Associations in Wondo Genet Woreda, south-central Ethiopia. It analyzes households’ 
choices of fuels, particularly choices of fuelwood sources, through surveyed data. The 
study aims to address the extent of reliance on traditional fuels in local residence and 
patterns to obtain fuelwood and factors influencing them. Several important findings 
are highlighted.  
 
Firstly, in Wondo Genet areas, local residence is still heavily dependent on biomass 
fuels. However, use of inferior fuels such as crop residues and dung has become very 
rare even for poor households. Particularly, using dung for cooking is not found in 
any cases, which is a positive sign for local agricultural activities. The main domestic 
fuel consumed is woodfuel and although fuelwood is used in almost all households, 
the importance of charcoal is increasing.  
 
Secondly, households’ choice of fuelwood source has changed significantly from 
self-collection from non-private forests towards purchase from fuelwood sellers. 
Collecting fuelwood at household level was the main pattern to obtain fuelwood 
previously but now, due to less availability in natural forests and improvement in 
economy, the majority of local people are turning to markets as their main source. 
However, as a commodity, fuelwood is not traded in a well-functioning market and no 
regulation from government exists. Improvement should be made in this mechanism. 
 
Thirdly, although government is intending to establish more plantation and some 
programs have been launched, domestic plantation is at a very unsatisfactory level. 
One possible reason for this is many households are involved in the business of khat, 
which is a much higher valued drug plant. Thus tree plantation is unattractive locally. 
Nevertheless, for other government projects aiming to relieve domestic energy crisis, 
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for example the biogas project and stove-reform project, the implement is at very 
small scale and the influences are very limited. Consequently, very few people are 
able to participate in and benefit from them.  
 
Fourthly, owning to the influence of metropolis Hawassa, the study area is now 
experiencing a pre-urban transformation and the local economy is developing fast. 
Under such circumstances, energy transition towards modern fuels is happening, 
although at a very slow speed. Financial reason is the major factor influencing 
households’ behavior in many matters including choice of domestic fuel and fuel 
source. Specifically, in Basha, where economy status is higher than the other two PAs, 
households are more likely to use modern fuels. Even when they choose to use 
fuelwood, they obtain it from market rather than collecting themselves.  
 
Last but not least, living in an undeveloped region, local residence is suffering from 
persistently low income, poor infrastructure, shortage of fuel alternatives and many 
other problems. Among these, health issues and lack of education outweigh the rest. 
Indoor air pollution and malnutrition weakens people’s health while low education 
level debilitates their mind. In order to truly improve the livelihood of people, much 
more efforts should be devoted particularly in these two aspects. Only a nation with 
both physical strength and knowledgeable brain can survive in the future.  
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Appendix 
 
Questionnaire for Surveyed Households 
 
I Household information 
 
1 Location of Household:  
Town:            Kebele:           
Interviewee’s relationship with household head: wife 
2 Household head information  
2.1 Gender:  
A. Male B. Female
2.2 Age:  
2.3 Marital stage:  
A. Under age 
D. Divorced 
B. Single 
E. Widowed 
C. Married 
2.4 Occupation:    
A. Self- employed 
D. Pensioned  
G. Farmer 
B. Employer 
E. Dependent 
H. Others              
C. Employee 
F. Unemployed  
2.5 Education level:  
A. Illiterate 
D. Secondary  
B. Read and write 
E. High school 
C. Primary 
F. Higher education     
3 Household size and gender distribution 
 Male Female Total 
Household size    
 
4 Property information 
Property type Farmland area Tree plantation Livestock Income level 
Ownership     
Ownership of the house or not (Yes/No)  
 
II Wood-based energy consumption 
 
1. What type of fuel do you use for cooking?  
A. Fuelwood 
D. Dung 
G. Electricity 
B. Charcoal 
E. Kerosene 
H. Others              
C. Crop residues 
F. LPG 
What is your preference?                                                                  
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2. If fuelwood is used,  
2.1 What kind of fuelwood do you use?  
A Chopped logs  B. Branches C. Others            
 
2.2 Do you collect fuelwood? (Yes/ No)  
If Yes  
2.2.1 What types of forests are your sources and on what proportion respectively? 
A. Natural forest 
D. Commercial forest 
B. Community forest 
E. Others               
C. Self-planted trees
What is the proportion for each source?                                             
 
2.2.2 Who are the main fuelwood collectors in your family? 
A. Men  B. Women  C. Children
2.2.3 Collection details 
 
2.2.4 Are there any government regulations/ restrictions here? (Yes/ No) 
If Yes, what are they?                                                         
2.2.4.1 Does water fetching a disturbance for your collection? (Yes/ No) 
2.2.4.2 Does farm/off- farm work a disturbance for your collection? (Yes/ No) 
2.2.4.3 (For children) Does school a disturbance for your collection? (Yes/ No) 
For these disturbances, how do you deal with it?                                   
 
2.2.5 Collection difficulty compared to 5 years ago 
2.2.5.1 How is the fuelwood collection difficulty compared to 5 years ago? 
A. Easier  B. Same  C. Harder
2.2.5.2 Do you spend more time collecting fuelwood? (Yes/ No) 
2.2.5.3 Does your family send more members to collect fuelwood? (Yes/ No) 
2.2.5.4 Does your family plant trees for fuelwood now? (Yes/ No) 
 
2.2.6 Is it safe to collect and transport the fuelwood? (Yes/ No)  
If No, what is the reason?  
A. Regulation violence  
C. Dangerous topography  
B. Local violence 
D. Others             
How will you respond to it?                                                      
 
2.2.7 Do you travel longer distance than the nearest one to collect wood? (Yes/No) 
If Yes, what is the reason? 
A. Less regulation  
D. Safety 
B. Better quality 
E. Abundant supply 
C. Less competition 
F. Others             
Traveling 
distance (km) 
Time for 
traveling (h) 
Time for 
collection (h) 
Transportation 
method 
Collecting 
frequency 
Collecting time 
Collector 
number 
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2.3 Do you plant trees for fuelwood? (Yes/ No) No 
If Yes  
2.3.1 What are species?                                                    
2.3.2 What is the amount respectively?                                        
2.3.3 What is the main purpose for this plantation? For domestic use or sale and what 
is the proportion? What part do you use as fuelwood? 
                                                                   
2.3.4 If for sale, how much could you earn from this plantation annually?             
 
2.4 Do you buy fuelwood? (Yes/ No)  
If Yes 
2.4.1 What is your fuelwood source?  
A. Door-to-door sellers 
C. Market sellers 
B. Retailers 
D. Others            
 
2.4.2 Are they collectors/ producers? (Yes/ No)  
 
2.4.3 What is the reason for your choice?  
A. Cheap price  
C. Short distance  
B. Stable availability  
D. Others                
 
2.4.4 Fuelwood purchasing details (DS: Dry Season, RS: Rainy Season) 
 
 
2.4.5 What is the fuelwood price compared to 5 years ago?  
A. 25% higher  
C. Double  
B. 50%higher  
D. Even higher                     
 
2.4.6 What is your expectation/prediction for the fuelwood price?  
A. Increasing  B. Stable  C. Decreasing
How will you respond to it (e.g. switch to other fuels)?  
                                                                     
 
2.5 Do you have any other sources for fuelwood? (Yes/ No)  
If Yes, what are they?                                                         
 
2.6 Do you sell fuelwood? (Yes/ No)  
If Yes  
Frequency 
to buy 
Carrier to 
transport 
Distance 
to travel 
Duration 
to travel 
Cost on 
road 
Amount Price 
daily      
DS RS 
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2.6.1 What kind of fuelwood do you sell?  
A. Chopped logs  B. Branches C. Others             
 
2.6.2 How do you sell? 
A. Door-to-door sale  
C. Market selling  
B. Retailing 
D. Others             
2.6.3 What is the reason for your choice? 
A. High price  
C. Short distance  
B. Customer availability  
D. Others              
 
2.6.4 Fuelwood selling details(DS: Dry Season, RS: Rainy Season) 
 
 
2.6.5 What is the proportion of fuelwood for your domestic use and sale? 
                                                                             
2.6.6 How much could you earn from this business?                                
 
2.6.7 What is the fuelwood price compared to 5 years ago?  
A. 25% higher  
C. Double  
B. 50%higher  
D. Even higher                     
 
2.6.8 What is your expectation/ prediction for the fuelwood price?  
A. Increasing  B. Stable  C. Decreasing
How will you respond to it (e.g. changing selling strategy or jobs)?  
                                                                    
 
2.6.9 What is your wish for the fuelwood price? 
A. Increasing  B. Stable  C. Decreasing
Why?                                                               
 
3. If charcoal is used,  
3.1 Do you produce charcoal? (Yes/ No)  
If Yes 
3.1.1 What are the species?                                                  
3.1.2 What is the amount respectively?                                        
3.1.3 Do you know that the charcoal production is illegal in Ethiopia? (Yes/ No) 
3.1.4 Are there any regulations and how will you respond to it? 
                                                                   
 
Frequency 
to sell 
Carrier to 
transport 
Distance 
to travel 
Duration 
to travel 
Cost on 
road 
Amount Price 
      
DS RS 
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3.2 Do you buy charcoal? (Yes/ No)  
If Yes 
3.2.1 What is your charcoal source?  
A. Door-to-door sellers  
C. Market sellers  
B. Retailers 
D. Others                            
3.2.2 Are they charcoal producers? (Yes/ No)  
 
3.2.3 What is the reason for your choice?  
A. Cheap price  
D. Short distance  
B. Stable availability  
E. Others              
C. Small amount
 
3.2.4 Charcoal purchasing details (DS: Dry Season, RS: Rainy Season) 
 
 
3.2.5 What is the charcoal price compared to 5 years ago?  
A. 25% higher  
C. Double  
B. 50%higher  
D. Even higher                       
 
3.2.6 What is your expectation/ prediction for the charcoal price?  
A. Increasing  B. Stable  C. Decreasing
How will you respond to it (e.g. switch to other fuels)? 
                                                                   
 
3.3 Do you have any other sources for charcoal? (Yes/ No)  
If Yes, what are they?                                                         
 
3.4 Do you sell charcoal? (Yes/ No)  
If Yes  
3.4.1 How do you sell? 
A. Door-to-door sale  
C. Wholesale 
B. Retail 
D. Others                            
 
3.4.2 What is the reason for your choice? 
A. High price  
C. Short distance  
B. Customer availability  
D. Others                           
 
3.4.3 Charcoal selling details(DS: Dry Season, RS: Rainy Season) 
 
Frequency 
to buy 
Carrier to 
transport 
Distance 
to travel 
Duration 
to travel 
Cost on 
road 
Amount Price 
      
DS RS 
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3.4.4 What is the proportion of charcoal for your domestic use and sale? 
                                                                             
3.4.5 How much could you earn from this business?                                
3.4.6 What is the charcoal price compared to 5 years ago?  
A. 25% higher  
C. Double  
B. 50%higher  
D. Even higher                     
3.4.7 What is your expectation/ prediction for the charcoal price?  
A. Increasing  B. Stable  C. Decreasing
How will you respond to it (e.g. changing selling strategy or jobs)?  
                                                                    
3.4.8 What is your wish for the charcoal price? 
A. Increasing  B. Stable  C. Decreasing
Why?                                                               
 
3.4.9 Do you know that the charcoal production is illegal in Ethiopia? (Y/ N) 
3.4.10 Are there any regulations and how will you respond to it? 
                                                                   
 
4. If crop residues or dung are used, 
4.1 What is your source?                                                        
4.2 What is the reason for you to use this?                                           
4.3 How far should you travel? How long does it take? How often? 
Distance:          km  Duration:          h  Frequency:                
 
5. If modern fuel is used, why, what is the amount and how much does it cost?  
                                                                             
 
6. How do you store your fuels? 
A. Open area  
C. House  
B. Outside with cover  
D. Others                   
 
7. Do you know any government project (e.g. fuel subsidy) or NGO program focused on 
fuelwood or charcoal usage? (Yes/ No)  
If Yes, name it:                                                                 
 
8. What is your grade for government’s performance on fuelwood and charcoal market?  
1 (very bad)     2 (bad)     3 (medium)     4 (good)     5 (very good) 
 
Frequency 
to sell 
Carrier to 
transport 
Distance 
to travel 
Duration 
to travel 
Cost on 
road 
Amount Price 
      
DS RS 
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III Living issues  
 
1. What type of stove do you use and what are their purposes respectively?   
A. Open fire stove  
D. Modern fuel stove 
B.Self-made closed stove 
E. Electrical stove 
C. Reformed stove 
F. Others             
 
2. Did you reform your stove or purchase new stoves these years? (Yes/ No) 
If Yes, when and what is the cost and the energy consumption difference?  
                                                                          
If No, why not or do you have a plan to do that? 
                                                                           
 
3. What food do you cook? How often do you cook? How long does it take? What fuel is used? 
 
Food type Injera Kita Wot Coffee Others             
Fuel used      
Frequency      
Time      
 
4. What is the cooking condition in your home?  
A. Clean and fresh  B. Little amount smoke  C. Smoky 
 
5. Do you suffer from any kind of health problems? (Yes/ No)  
If Yes, what?
A. Headache  
D. Abdominal pain 
G. Eye burning 
B. Back pain 
E. Internal discomfort 
H. Cough 
C. Chest pain 
F. Breathing problem 
I. Others              
What do you think could be the cause?                                                
 
6. How do household treat the fuel ash?
A. Garbage  B. Manure  C. Others             
What is the result?                                                               
 
